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FOREWORD

The Energy Efficient Engine Component Development and Integration Program is
being conducted unde: parallel National Aeronautics and Space Administration
contracts to the Pratt & Whitney Ajrcraft Group, Commercial Products Division
and the General Electric Company. The overall project is under the direction
of Mr. Carl €, Ciepluch. Mr. John W. Schafer is the NASA Assistant Project
Manager for the Pratt & Whitney Aircraft effort under Contract NAS3-20646, and
Mr. Frank D. Berkopec is the NASA Project Engineer resoonsible for the portion
of the program described in this report. Mr, William £, Gardner is the Pratt &
Whitney Aircraft Program Manager for the Energy Efficient Engine Program. This
report was prepared by Mr. C. J. Michael and Mr, J. E. Halle of Pratt %
Whitney Aircraft.
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SECTION 1.0
SUMMARY

The fan component designed for the Energy Efficient Engine is an advanced
high-performance, single-stage system. The design is based on technology
advancements in the areas of aerodynamics and structure-mechanics. This
advanced technology fan contributes to a greater than 3 percent reduction in
overall engine fuel consumption when compared to the hase (-12 percent) Pratt
& Whitney Aircraft JT9D-7A turbofan engine.

In the design effort, two fan components were designed, both meeting the in-
tegrated core/low spool engine efficiency goal of 84.5 percent. The primary
configuration, envisioned for a future flight propuision system, features a
shroudless, hollow blade and offers a predicted efficiency of 87.3 percent, In
order to ensure that a fan would be available, if the shroudless, hollow
design encountered fabrication or other technical problems a more conventional
hlade was designed for the integrated core/low spool demonstrator engine as a
back-up. Although efficiency was penalized slightly by the addition of a part
span shroud, the alternate blade configuration has a predicted efficiency of
86,3 percent for the future flight propulsion system. In addition to effi-
ciency, hoth fan configurations either meet or surpass goals estahlished for
surge margin, structural integrity and durability.

The mechanical design of the fan has been accomplished so that the shroudless

blade can be interchangeable with the shrouded hlade with only minor modifica-
tions. The design is based on component modularity to enhance maintenance. The
fan rotor consists of an integral disk/hub geometry that is cantilevered from

the low-pressure rotor shaft. This disk/hub design produces a suhstantial re-

duction in component weight. To enhance performance, blade tip leakage is re-

duced by using a blade tip trench with an abradable material.

Much of the technology incorporated in the Energy Efficient Engine fan design
will have direct application in modern gas-turbine engines.

T W L Tl o1 G ST ST L ) i1 - e gt s Bepst fa g g R ST = deretrme o e b e} AR e o Ly N




b R

4
o

SECTION 2.0
INTRODUCTION
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The objective of the Energy Efficient Engine Program is to develop, evaluate,
and demonstrate the technclogy for achieving Tower installed uel consump- :
tion and lower operating costs in future commercial turbofan engines. The
National Space and Aeronautics Administration (NASA) has estahlished the N
minimum goals for reducing thrust specific fuel consumption by 17 percent, :
direct operating cost by 5 percent, and performance degradation hy 50 per- ‘
cent for the Energy Efficient Engine flight propulsion system relative to
the JT9D-7A engine. To ensure a high probability of meeting the NASA gnals, !
Pratt & Whitney Aircraft goals are a 15.3 percent reduction in thrust spe- ;
cific fuel consumption and 6.1 percent reduction in direct operating cost. W
In addition, environmental goals for emissions (Cnvironmental Protection ‘
Agency 1981 regulation) and noise (Federal Aviation Regulation 36 (1973)) :
have been established.
{
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To meet the program objective, the program is organized into four technical
tasks. These include:

Task 1 -- Flight Propulsion System Analysis, Design and Integration
Task 2 -~ Component Analysis, Design, and Development

Task 3 -- Core Design, Fabrication and Development

Task 4 -- Integrated Core/Low Spool Design, Fabrication and Test.

A major accomplishment under the Task 2 effort has been the design of the
fan comoonent. The fan for the Energy Efficient Engine, as described in this
report, is an advanced, high performance single stage configuration, This
report prcients the details pertaining to the aerodynamic and mechanical
design of the fan component.

The following section, Section 3.0, outlines the design goals and predicted
performance. Section 4.0 describes the aerodynamic and mechanical design of
the fan, and Section 5.0 presents concluding remarks. In addition, detailed
ﬂ‘ tabulations of the aerodynamic performance, and blade geometry at aero-

dynamic design point conditions are contained in Appendices A, B, and C,
respectively. These appendices compare the aerodynamic geometries of both
the shrouded and shroudless fan blades. Appendix D contains a glossary of
terms used in the report.
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SECTION 3.0

o DESIGN OVERVIEW
E; 3.1 DESIGN GOALS AND CHALLENGES
@' The goal of the Energy Efficient Engine Fan Component Design Program was to

b design a high performance fan component featuring a shroudless, hollow blade.
i A more conventional shrouded blade was designed for the integrated core/low
spool demonstrator engine as a back-up. Performance and durability design
goals for the fans with both blade configurations are listed in Table 3.1-1

TABLE 3.1-I
FAN COMPONENT PERFORMANCE AND DURARILITY DESIGN GOALS

Goal
Efficiency (Shroudless) 87.3%
Efficiency (shrouded) 86.3%
Corrected total airflow, kg/sec (1bm/sec) 622.7 (1372.8)
Corrected rotor speed, rpm 4215
Fan tip speed, m/sec (ft/sec) 45A.0 (1496)
Duct pressure ratio 1.74
Surge margin goal (percent) 15
Pressure Ratio 1.74 0D/1.56 ID
Life 20,000 missions/30,000 hours
Foreign Object Resistance Same as in-service blades

* Efficiency values reflect flight propulsion system goals. The goal
efficiency for the integrated core/low spool demonstrator is 84.5 percent.

A number of challenges had to be surmounted to attain these goals. The
shrouded blade was subjected to an unusually high loading level because of
the ambitious efficiency and pressure ratio goals. To maintain the surge
margin at an acceptable leve!, loadings had to be balancud carefully through-
out the flowpath.

The shroudless blade required a very low aspect ratio of 2.5 (compared to
4.0 for shrouded blades) as well as a thick blade (thickness to chord ratio
of 0.080 versus 0.060 at 20 percent span when compared to a conventional!
shrouded blade) to maintain the necessary rigidity to avoid flutter and
undesirable resonance characteristics. However, low aspect ratios increase
weight and thick blades increase aerodynamic losses both of which are
counterproductive to fuel efficiency. As a result, these factors had to be
optimized during the design process to provide the most efficient design.
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3.2 DESIGN APPROACH

The fan component was designed so that both shrouded and shroudless hlades
could be interchanged with a minimum of modifications. This allowed the
flexibility to incorporate the shroudless blade into the component design,
should fabrication technology be refined to the point that the hlade manu- y
facture is feasihle within existing time and resource constraints. '
|

The design of the Energy Efficient Engine shrouded fan hlade was initiated
by scaling an existing airfoil design. Rerodvnamic, structural and vibra-
tional characteristics unique to the Energy Efficient Engine design require-
ment were then applied to establish the final blade design. In general, this
hlade design is similar to current high bypass ratio hlade designs except
that the fan rotates counterclockwise when viewed from the rear.

The shrouded fan blade is essentially the same as fan blades currently in
service in Pratt % Whitney Aircraft high bypass ratio engines. It has an aft
part span shroud to reduce aerodynamic losses, relative to a part span
shroud Tocated in the middle of the blade chord. Existing analytical tech-

niques and experience were used in designing this blade, In contrast, the
shroudless fan blade represents a more difficult challenge since no design
system existed for analyzing hollow fan blades. However, an in-house design
system did exist for hollow turbine blades. This method was adapted to
analyze blade structural response. Also, existing in-house design systems
were used to perform aerodynamic analysis.

The fan rotor was designed to meet current commerical criteria. However, the

fan component design was not optimized for flight weight, since the fan is :
not going to be flight tested. This allowed less expensive materials and

hardware to be used. Existing parts were used as much as possible in the

bearing compartment to reduce costs. For example, existing hearings, seals,

and fasteners from current production engines are used. Titanium, the tradi-

tional material for fan hlades, was selected as the hlade material because

of the extensive experience. Composites were considered but reiected hecause

of the low resistance to foreign object damage.

3.3 FAN COMPONENT DESIGN FEATURES

The Energy Efficient Engine fan component is a high performance, single staqe
configuration. A cross sectional view of the fan component is presented in
Figure 3.3-1. The fan rotor is supported by two main hearings housed in a
common hearing support. The fan overhangs its supports in a cantilevered con-

figuration. The bHearing support is attached to the compressor intermediate
case,

Table 3.3-1 presents a comparison of the fan configurations with the shroud-
less and shrouded blades. With the shroudless hlade design, the rotor contains
a total of 24 titanium hollow blades. In this hlade design, The outer two-
thirds is hollow, with an internal rib structure for added strength, This is
somewhat of a complex structure, requiring new manufacturing practices and
technology. This new technology was to be developed as part of the Energy

Cfficient Engine Program but schedule and budget difficulties led to premature
termination of this effort.
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Figure 3.3-1 Fan Component For the Energv Efficient Engine

TABLE 3.3-I
COMPARISON OF SHROUDED AND SHROUDLESS FAN BLADE
DESIGN FEATURES

Parameter Shrouded Fan Shroudless Fan
Hub/tip ratio 0.34 0.34
Aspect ratio 4.0 2.5
Taper ratio §é45 éi46
d
Number blades 2 @

Bypass ratio

The alternate shrouded fan blade rotor consists of 36 titanium fan blades with
aft part span shrouds, and uses the same fan exit guide vane configuration as
the shroudless fan. As stated previously, this hlade is essentially the same
as fan blades currently used in Pratt & Whitney Aircraft high bypass ratio
engines. The shrouded fan has all the hasic features of the shroudless fan,
with minor differencas in the flowoath.

The fan blade/disk attachment is an existing design. The titanium hub attaches
to a steel stuhshaft with fifteen 2.50 cm (1.0 in) diameter tie bolts. The
stubshaft is splined to its mating low-pressure turbine drive shaft. The rotor
has an aluminum nose cone and cap, and a steel hlade lock ring. A low cost
steel containment case with an acoustic liner is specified for the integrated
core/Tuw spool test.program.
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3.4 PRENICTED PERFORMANCE OF POOR QUALL

Predicted fan performance is summarized in Tahle 3.4-I. As indicated, the fan
with a shrouded fan hlade meets or exceeds all design goals, including the
requirement for a integrated core/low spool adiabatic efficiency of 84.5 per-
cent, However, the adiabatic efficiency for the flight propulsion system is
86.3 percent. This is a ful! nercentage point lower that the nredicted effi-
ciency of 87.3 for the shroudless blade configuration. Performance maps for
hoth fan configurations are shown in Figqures 3.4-1 and 3.4-2.

TABLE 3.4-1
COMPARISON OF SHROUDED AND SHROUDLESS FAN
PERFORMANCE AT AERODYNAMIC DESIGN POINT

Parameter Design Point Shraouded Fan Shroudless Fan
Corrected total engine airflow,
kg/sec (1bm/sec) 622.7 (1372.8) 622.7 (1372.8) 6A22.7 (1372.8)
Corrected rotor speed, rpm 4215 4215 4215

Fan tip speed, m/sec (ft/sec) 456.0 (1495) 456.9 (1499) 456,0 (1°°7)
Correcteg flow/unit area,
(

kg/sec-m? (1bm/sec-ft2) 209.9 (43.0)

209.9 (43,0) 209.9 (43.,0)
Duct pressure ratio 1.740 1,789 1.740
Fan hub pressure ratio 1.61 1.61 1.61
Duct goal efficiency (percent) 86.3/87.3 86.3 87.3
Surge margin goal (percent) 15 15 15
or o 110
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Figure 3.4-1 Performance Map of Shrouded Fan Design
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Figure 3.4-2 Performance Map of Shroudless Fan Design

Figure 3.4-3 compares the predicted loading on an operating line 15 percent
higher than the design operating line with test data for the NASA 1800 feet/
second tip speed fan (Reference 2) at the near surge point. The shroudless fan
is predicted to be more 1ightly loaded than the 1800 feet/second tip speed fan
and should readily achieve its 15 percent surge margin goal. The middle of the
shrouded fan is predicted to be more highly loaded than 1800 feet/second tip
speed fan, but in the range of other Pratt & Whitney Aircraft commercial
engine fan bHlades.

0.7
- (o]
o .
.
-
Q
<
v 04
e [ SHROUDLESS FAN
— SHROUDED FAN
QO NASA CR-159879 (REFERENCE 2)
03—
1 | 1 1 1 | 1 | ] i
0.20 10 20 30 40 50 €0 70 80 90 100

PERCENT SPAN FROM HUB

Figure 3.4-3 Comparison of Shroudless and Shrouded Fan 0ff-Design Loadings
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Surge margin requirements were established by a stability audit taken at the
major operating points in the flight envelope. For each of these points, the
surge margin reduction, resulting from surge Jine and operating line shifts
caused by destabilizing factors, was examined to determine how much initial
surge margin was required. The destabilizing factors include such events as
engine and control deterioration, inlet distortion, production tolerances, and
power transients. The results of the fan stahility audit which applies to hoth
shroudless and shrounded fans are presented in Table 3.4-I1 for the sea level
static takeoff point. The results of this audit showed that the design fan
surge margin of 15 percent is sufficient to ensure ample surge margin at take-
off, climb, cruise, idle and reverse, as indicated in Tahle 3.4-III.

TABLE 3.4-11
FAN STARILITY AUDIT RESULTS AT TAKEOFF CONDITIONS
SHROUDLESS AND SHROUDED FANS

SURGE LINE DETERIORATION Fixed Quanity (%) Random Quantity (%)
Engine Neterioration 2.3 +1.2
Distortion 3.0 0
Engine Production Tolerances 0 +1.0

OPERATING LINE DEGRADATION

Engine Production Tolerances 0 +0.5
Control Production Tolerances 0 0

Engine Deterioration 0.5 +0.5
Control Deterioration 0 0

Power Transients 0 0

Sum of Fixed 5.8

Sum of Random +1.7
Required Surge Margin (%) 7.5

Available Surge Margin (%) 16.2

TABLE 3.4-111
FAN STABILITY AUDIT RESULTS AT MAJOR OPERATING POINTS
SHROUDLESS ADN SHROUDED FANS

Surge Margin (%)

Flight Condition Flow (%) Required Availahle
Aerodynamic Design Point* 100 4.5 15.0
Idle (sea level static) 29.7 1.9 7.4
Takeoff 89.7 7.5 16.7
Reverse 88.9 9.5 16.7

* Representative of maximum climb and cruise operation
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SECTION 4.0
AERODYNAMIC AND MECHANICAL DESIGN

4.1 AERODYNAMIC DESIGN

The aerodynamic design point for the Energy Efficient Engine fan component. is
at a flight altitude of 10,668 m (35,000 ft) and a cruise Mach number of 0.8,

The following sections describe the aerodynamic design of the fan flowpath,
blade and exit guide vane designs.

4.1.1 Flowpath

The basic fan flowpath was determined during the design of the shroudless
fan blade and fan exit guide vane. Because of the prerequisite for blade in-
terchangeability, the shrouded blade was required to fit into this existing
flowpath with no change to the fan exit guide vane or first stage low-
pressure compressor stator. A comparison of the flowpaths to accommodate the
two blade configurations is presented in Figure 4,1.1-1, A tabulation of
flow behavior through the flowpath is given in Appendix A.

SHROUDLESS FAN
— ——~—SHROUDED FAN

FAN EXIT
GUIDE VANE
"/
30 ] 1 1 ] ] ] ! 1 1 ]
12190 o 10 20 30 40 ) 80 7 81 o1
(-4) 14) (8) 120 11e) (20 (24) (28) (320 {38

AXIAL LENGTH, CM (IN)

Figure 4.1.1-1 Comparison of Fan Flowpaths with the Shrouded and Shroudless
fan Blades.
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The shrouded fan, however, is different from the shroudless fan in a number
i of ways. The inner flowpath is the same for both configurations, hut the
3 outer flowpath of the shrouded fan is recontoured in the vicinity of the
blade tip to provide the proper area ratio and reduce tip loading. The
radial pressure ratio distribution of the shrouded fan was modified to
1 compensate for the additional aerodynamic loss incurred by the part span
P shroud, thereby permitting both fan configurations to use the same low- :
pressure compressor inlet stator and fan duct exit guide vane. {

In the tip region, the flowpath for the shrouded fan results from com-
promises hetween fan blade tip loadings and wall loadings. Increasing the
convergence lowers the hlade tip diffusion factor, but raises the diffusion
along the outer wall,

Another important difference between the shroudless and shrouded fan flow-

paths is caused by the differences in the two blades. The trailing edge of

the shrouded blade has a smaller average diameter than the shroudless con- ;
figuration. This causes the flowpath to be narrower at this location than

the shroudless fan flowpath and results in a lower average wheel speed and

an increased diffusion factor for the shrouded fan.

i RIS A IR
. e - . -

Tip trenches, as shown in Figure 4.1.1-2, are used in bYoth the shrouded and
shroudless fan components. Tests have shown that this feature reduces blade
tip losses relative to a smooth wall for a given clearance. Fan efficiency
is improved by an estimated 0.2 percent by tip trenching.

ABRADABLE
MATERIAL

Tey; o woT
. SIS PR

RUNNING CLEARANCE

FAN BLADE

Figure 4.1.1-2 Fan Blade Tip Trench Design for leakage Control
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i 4,1.? Fan Blades

;. The fan blades, hoth the shrouded and shroudless, are a combination of
multipie circular arc and design contoured airfoils. The shroudless blade
has design contoured airfoil sections in the outer 30 percent of the span,
: ) whereas the thinner, shrouded blade has these sections in the outer 50 per-
- cent of the soan. The remainder of both airfoils is multiple circular arc.

: In a muitiple circular arc cascade, a desired incidence is satisfied only at
o one point, designated the a' point. This point is approximately half of the
3 distance between the leading edge and the point of origin of the first
“captured" Mach line (the first Mach line that does not extend upstream) on
- the suction surface. In a design contoured cascade, shown in Figqure 4.1.2-1
N the entire suction surface from the leading edge to the first captured Mach
& line (arc no. 1 in Figure 4.1.2-1) is aligned with the flow at the specified
;- incidence, resulting in a smoother expansion around the leading edge and an
L improved flowfield. Design-contoured airfoil sections are particularly use-
ful where the Mach number is high enough and the airfoil thickness small
enough so that the multiple circular arc cascade would have a larger inci-
dence at the leading edge than at the a' point. Multiple circular arc air-
foils are used for lower Mach numbers, generally in the 1.0 to 1.2 range.

A MULTIPLE
= FLQW CIRCULAR
i DESIGN CONTOURED ARC a’ POINT

Figure 4.1,2-1 Comparison of Multiple Circular Arc and Design Contoured
Airfoil Cascade

The resulting geometries of both shrouded and shroudless blades are shown in
Figures 4.1,2-2 through 4.1.2-9. The most noticeable features of the shroud-
less hlade, the long chord and thick airfoil sections, are shown in Figures
4.1.2-5 and 4.1.2-8. The location of maximum thickness is also moved forward
to provide greater resistance to damage from bird ingestion. A1 of these
features result from the hollow, shroudless nature of the hlade.
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Figure 4.1.2-2 Comparison of Shroudless and Shrouded Fan Angles.
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Figure 4.1.2-3 Comparison of Shroudless and Shrouded Fan Front famber
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Figure 4.1.2-4 Minimum Channe! Width Between Airfoils/Gap Between Airfoils
Ratio ( ©/tau) For Shrouded Fan Showing Local Increase to
Accomodate Shroud B lockage
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Figure 4.1.2-6 Comparison of Shroudless and Shrouded Fan Chord Total
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Figure 4.1.2-7 Comparison of Shroudless and Shrouded Fan Chord Front/Chord
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Figure 4.1,2-9 Shroudless Blade Root Overcamber
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4,1.2.1 Part Span Shroud

The objective of the aerodynamic design of the part span shroud was to align
the shroud with the adjacent streamlines. This is necessary to minimize
meridional velocity overspeed and subsequent diffusion along the shroud as
well as eliminate any radial 1ift force in either direction. Shroud para-
meters are listed in Table 4.1.2-1

TABLE 4.1.2-1
SHROUD PARAMETERS

Shrouded Other

Fan Recent Designs
Stroud Thickness/Span (%) 1.3 1.1 - 1.3
Shroud Spanwise Location (%) 71.5 68 - 73.5
Shroud Chordwise Location (%) Aft Mid - Aft

The shroud was positioned in a rearward location on the blade rather than at
the center. This minimizes the incident flow velocity on the shroud and posi-
tions the shroud in the region of maximum blade-to-blade distance normal to
the flow, reducing losses.

No arbitrary shroud opening was used. The quasi three-dimensional design flow
redistribution method automatically created the shroud opening by having the
shroud physically present as an integral part of the axisymmetric intrahlade
calculation, and by a decrease in streamtube height ratio in the blade to
blade calculation. The resulting local increase in channel width is reflected
by a local increase in front camber (Figure 4.1.2-3). The shroud opening is
very similar to that normally used. Figure 4.1.2-4 shows the minimum channel
width/gap versus span,

4.1.2.2 Velocity Triangles

A comparison of the shrouded and shroudless hlade inlet conditions is pre-
sented in Figures 4.1.2-10 through 4,1.2-12. Figure 4.1.2-10 shows the inlet
Mach numbers and Figure 4.1.2-11 shows the inlet air angles. Exit air angles
are shown in Figure 4.1.2-12, The effect of the shroudless blade tip pressure
ratio profile fall off is an adjustment in Mach numher and leading edge angle.
The lower wheel speed of the shrouded fan causes the decrease in trailing edge
angle in the lower half of the span.
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Figure 4.1.2-10 Comparison of Shroudless and Shrouded Fan Inlet Mach Numbers
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Figure 4.1.2-11 Comparison of Shroudless and Shrnuded Fan Inlet Air Angles
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Figure 4,1,2-12 Comparison of Shroudless and Shrouded Fan Exit Air Angles
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4.1.2,3 Fan Blade Loading

Figure 4.1.2-13 shows design aerodynamic loadings for both blade configura-

tions.

The shroudless design ‘has moderate loading levels ever

the tip, where its low aspect ratio should provid

ywhere except at
e adequate surge margin

capability, despite the high aerodynamic loading. The shrouded hlade has

aerodynamic loads more representative of conventio

Toaded

loading is a
4.1.2-14), wh
pull flow tow

nal single-stage, highly

fans, except at the root where the loading is high. The high root

result of using the flowpath for the shroudless hlade (Figure :

ich has no trailing edge curvature. This curvature weuld normally
ard the root to maintain radial equi

librium, reducing the local

loading. Off-design loadings were also calculated at sea level takeoff
(Figure 4.1,2-15)

were less for the

blade, so that near the surge point the loading p

and near surge {Fiqure 3.4-3). Off-design loading increases
root of the shrouded blade compared to the shroudless

rofiles were quite similar.

4.1.2.4 Pressure Ratio and Recovery

tip. Reducing the
to twist so that t

lower 1

OWS pressure ratio and recovery profiles for both fans. The

2Ssure profile falls off significantly in the tip region, to
satisfy a structural vibration requirement for

more blade twist locally at the
pressure ratio reduces flow at the tio, causing the bhlades

he blade stagger decreases. This also redistributes flow tn

0ss region of the inner span of the fan hlade.
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Figure 4.1.2-16 Comparison of Shroudless and Shrouded Fan Pressure
Ratio and Recovery Profiles

The shrouded fan design tip pressure ratio was increased to increase the '
velocity head downstream of the fan, where the tip wall diffuses relative to ’
the shroudless fan flowpath, to reduce the wall loading. The pressure profile

of both fans is increased locally at the extreme root to provide a flat radial

velocity profile at the exit of the first stator.

Figure 4,1.2-16 also shows the additional pressure loss as a result of the
part span shroud. This additional loss causes an approximate 2-degree more
stalled incidence at about 60 percent span on the duct exit quide vane, as
indicated in Figure 4.1,2-17, which should be well within the low loss range
of the vane,
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Figure 4.1.2-17 Comparison of Shroudless and Shrouded Fan Exit Guide
Vane Inlet Air Angles

4.1.2.5 Incidence, Choke Margin, and Deviation

The shroudless blade was designed with incidence, choke margin, and deviation
similar to the design of the quasi three-dimensional NASA 1800 feet/second tip

speed fan (Reference 1). As indicated in reference 3, this fan has demonstrated
good performance,

The a' incidence is 1 degree and choke margin is 3 percent (Figures 4.1,7-18
through 4.1.2-20). The deviation was established in a manner similar to the
NASA 1290 feet/second tip speed fan. In the root region, there was a struc-
tural requirement for more hlade twist, which was obtained by increasing the
assumed deviation (Figure 4,1.2-21). In the tip region, the deviation was
allowed to rise to prevent a sharp upward hook in trailing edge metal angle.

The shrouded fan was designed with incidence, choke margin, and delta devia-
tion set 1ike those of recent shrouded fans. Incidence and choke margin for
the shrouded fan are shown in Figures 4.1.2-17 through 4.1.2-20. In the root
region, the shrouded fan is almost a circular arc, and suction surface inci-
dence was set accordingly. The deviation was again set like the NASA 1800
feet/second tip speed fan, except in the tip region where it was allowed to
fall off a bit to keep a smooth blade (Figure 4.1.2-21).
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The shroudless fan blade design incorporates features not ordinarily found in
conventional high performance fan designs. These include a relatively thick
blade (Figure 4.1.2-8) and a local overcamber at the hub trailing edge (Figure
4.1.2-9), These features are incorporated primarily to increase torsional
frequency margin, but may decreasa performance. A blade-to-hlade analysis
indicated that the increased thickness decreases efficiency up to 0.2 percent.
A comparison of test data from several other thick hlades indicates that there
is no uncompensated increase in deviation resulting from the increased thick-
ness. The blade hub overcamber may increase the Mach number and loading at the

first stator hub, but analyses have shown these parameters will remain within
acceptahle Timits.

The roter aerodynamic design was performed using a quasi three-dimensional
analysis. The analysis consists of an axisymmetric intrahlade flowfield calcu-
lation, which models the shroud as an isolated splitter, and is coupled with
blade-to-blade calculations along conical surfaces (Figure 4.1.2-22). The pro-
cedure is iterative with output from one calculation providing input for the
other until convergence of a number of physical parameters is achieved.

FLOW

LEADING EDGE

LEADING
EDGE

— TRAILING MACH NUMBER
CONTQURS

——
ROTATION

T~ TRAILING EDGE

INTRABLADE STATIONS

Figure 4.1.2-22 Quasi Three-Dimensional Analysis

The advantages of the quasi three-dimensional design approach include improved
shroud modeling, improved modeling of radial flow distribution, and definition
of chordwise and radial distributions of work, loss, and blockage., The defini-
tion of the intrablade flow field and the resolution of total loss into calcu-

lated increments makes this design system a useful tool in producing an effi-
cient fan blade.

A comparison of the fan exit guide vane inlet air angles is shown in Figure
4.1.2-17 and for the first stator in Figure 4.1.2-23, The outer flowpath wall

was modi€ied for the shrouded fan hy adding convergence across the hlade tin,
otherwise the flowpath is unchanged (Figure 4.1.2-14),
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Figure 4.1.2-23 Comparison of Shroudless and Shrouded Fan First Stage
Stator Inlet Air Angles

4.1.3 Fan Exit Guide Vane Aerodynamic Design

Because of the strong interaction between the compressor intermediate case and
the high-pressure compressor, the design of the intermediate case and integral
fan duct exit guide vanes was included in the high-pressure compressor analy-
sis and design effort. However, a review of the aerodynamic design of the fan

duct exit guide vane is presented in the following sections because of its
inherent applicability to the fan design.

4.1.3.1 Intermediate Case Fan Duct Section Aerodynamics

Flow straightening downstream of the fan discharge was accomplished by design-
ing an intermediate case fan duct section consisting of a vane array that in-
cludes ten structural struts and nonstructural exit guide vanes positioned
between the struts. The top dead center strut serves as the leading edge fair-
ing for the engine support pylon. The aft section of the bottom strut is
faired into a 18.84 cm (4.25 in) thick lower hifurcation of the fan duct.

The aerodynamic design goals for this section included:

0 Complete swirl removal

0 Minimize upstream influence of pylon blockage

0 Separation free airfoils with 15 percent surge margin at design
point

0 Sufficient choke margin to pass the part power flow requirement.

P S PRy
L L : z

25

TR s iy momam g arag o - I Lot e T
ot bl it E P TAR RS A niite DR, VAT S : e EW




The following initial conditions were estahblished prior to proceeding with the
analysis that lead to the fan duct section aerodynamic design:

0 Exit Guide Vane Leading Edge Pressure and Temperature Profiles
-~ These profiles were output from the detailed analysis and
design of the shroudless fan blade and are shown in Fiqure
40103"'1-

0 Aerodynamic Flow Blockage -- Inlet flow blockage was established
at 2.5 percent of actual flow area.

) Air Turning Requirements -- Any residual swirl into the fan
discharge ducts was totally eliminated hy turning fan discharge
air 2ack to axial.

0 Chord length Constraint -~ A constant axial chord length over
the span of the exit guide vanes was maintained to simolify the
integration with the structural struts.

Once these conditions were established, analysis proceeded as descrihed in the
following sections.
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4.1.3.2 Fan Duct Flowpath

The flowpath was designed to decelerate the air from Mach number 0.67 to 0.49
at the discharge within a constant diameter outer wall annular passage as
shown in Figure 4.1.3-2. Sufficient convergence has heen provided in the con-
figuration to 1imit the average diffusion factor to an acceptahie level at the
aerodynamic design point and to provide smooth transition between the fan
outer diameter and splitter nose.

INTERMEDIATE CASE FAN DUCT

FAN
DUCT
SECTION

CORE l%
SECTION
\\,/ .

INTERMEDIATE CASE CORE SECTION

HIGH PRESSURE
COMPRESSOR INLET
GUIDE VANE

HIGH PRESSURE

: COMPRESSOR
r e, ' o
o O N N o s

Hﬂ

Figure 4.1.3-2 Compressor Intermediate Case and High Pressufe
Compressor Subsystems and Aerodynamic Design Analvsis

4.1.3.3 Exit Guide Vane Airfoil Series Selection

Contro]]ed diffusion airfoils were selected for the exit quide vanes because
of their extended incidence range and loading capability relative to conven-
tional series airfoils. Profiles of two adjacent nominal exit quide vanes are

shown in Figure 4.1.3-3, Both structural and nonstructural vanes have the same
surface contours,

27

P N P
TR PP r e s T g el £ 33 o fon ¥ e

S PRIt e




100 goee
Q
s
@]
I —)
O
o 80—
<
X
<
EE 60 |-
W
: p=
- w
3 O
- <
ﬂ T 40—
12,
o
=
= 20— —
2
w
O
:5
oo ] ] ] ] J
0 20 40 60 80 100

AXIAL DISPLACEMENT/AXIAL CHORD

Figure 4.1.3-3 Nominal Intermediate Case Exit Guide Vane Profile

Inlet incidence and chordwise camher distribution were set to provide separa-
tion free operation to 15 percent surge margin from the aerodynamic design
point. This was accomplished by an analytical procedure that comhines a
compressible potential flow solution and a boundary laver analysis. A choke
margin calculation indicated that operation could be choke-free down to at
least 50 percent of maximum cruise power. This is well below nominal aircraft
cruise power requirements. Deviation was established from results of con-
trolled diffusion airfoil cascade testing outside the scope of this contract.
The spanwise aerodynamic design parameters fo= the final nominal exit quide
vanes are summarized in Figure 4,1.3-4.

4.1.3.4 Pylon Matched Exit Guide Vane Array

ﬁ, The purpose of pylon matching is to arrive at a structural strut and exit

e guide vane array that will minimize blockage effects and subsequent bHack-
pressure distortion on the fan rotor. This task was complicated hy the need

& for the topmost structural strut to provide the leading edge fairing for the
e engine mount pylon. As such, it is considerahly thicker than the other exit

| guide vanes. The hottom strut fairs into the thicker core access lower bifur-
[ cation of the integraved nazelle. The result is a nonuniform blockage around
- the fan exit flow annulus, and it was necessary therefore, to tailor the array
E? so as to minimize the distortion effects caused by this nonuniformity.

{ A two-dimensional incompressihle potential €low analysis was used to determine
54 the effects of pylon matching an upstream distortion, Groundrules used in the
: design process included: (1) ootimization of upstream pressure distortion, (?2)
& maintenance of a maximum of 10 degree change in exit angle hetween adjacent
vanes, and (3) minimization of =anstruction costs hy 1imiting the number of
structural strut part numbers.
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Figure 4.1.3-4 Nominal Fan Exit Guide Vane Aerodynamic Design
Parameters

Figure 4.1.3-5 presents a comparison of the calculated back-pressure profile
for both a nominal vane cascade and pylon matched vanes., Calculated rotor
trailing edge distortion at the 15 percent span exit guide vane diameter, in
terms of AC, (maximum-minimum), was reduced from 0.1A64 to 0.048 hy pylon
matching, The optimization included the removal of the vane adjacent to the
suction side of the pylon to realize a reduction in upstream distortion, and
avoid the extreme vane uncamber needed to achieve a reasonable passage area
distribution. Achieving this low level of hack-pressure distortion requirad

only two structural strut part numbers and seven nonstructural exit guide vane
part numbers.,

4.1.3.5 Pressure Loss Prediction

A pressure loss map was generated for use in the performanc2 prediction of the
exit guide vane row. The predicted loss characteristics, representative of the
controlled diffusion airfoils, are shown in Figure 4.1.3-6 in terms of cascade
inlet air angle and Mach number,
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4.2 MECHANICAL DESIGN

The weight of the fan was not optimized for a flight propulsion system. This
allowed the use of less expensive materials and hardware. In addition, exist-
ing parts were used as much as possible in the hearing compartment to reduce
costs. For example, existing bearings, seals, and fasteners from current pro-
duction engines are used. For a flight system most of these parts would be

designed specifically for this application and would result in a weight
savings.

4.2.,1 Fan Blade and Attachment
4.2.1.1 Shroudless Blade Mechanical Design

The shroudless fan blade has an aspect ratio of 2.5, integral platforms and is
hollow to reduce the mass concentrated near the tio, thereby reducing centri-
fugal forces. The hollow section comprises three radial ribs and one Cross
rih, This construction provides adequate stiffness to meet bird strike,
flutter, and vibration requirements.

Multiple circular arc airfoil sections were incorporated into the hlade during
detailed design to minimize shock losses and increase efficiency. A structural
analysis of the final hlade aerodynamic design resulted in small stagger angle
changes relative to the preliminary blade design to provide increased torsional
frequency margin on 4E resonance at redline speed. Blade vesonance and flutter
characteristics are such that stability has been achieved in the first three
modes of operation,

Steady stresses at the airfoil root caused by centrifugal and untwist loads
are considered acceptable for a glass bead-peened surface to provide adequate
Tow cycle fatigue life. Stresses in the hollow-solid transition region are
also acceptable and provide adequate low cycle fatigue life for a stress-
relieved surface. Figure 4.2.1-1 shows a description of the hlade. Table
4.2.1-1 identifies the hlade general design parameters,

The selection of three radial ribs and one cross rihb as the internal structuyre
of this hollow airfoil was the result of a detailed NASTRAN analysis of
several different rib configurations. Many other radial rib and cross rih
patterns were evaluateu. The selected pattern was the configuration that
combined structural integrity with relative ease of manufacture. However, the
potential for further refinement of this confiquration exists. This refinement
would jnc1ude a parametric analysis of all possible configurations with prime
emphasis on minimum weight and ease of manufacture,

4.2.1.1.1 Vibration and Flutter Analysis

The iade rasonance and flutter characteristics were established hased on the

figal ;e{ogynamic design. These characteristics are shown in Fiqures 4.2,1-2
an elie L™0
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HOLLOW FAN BLADE

2.5 A/R, 24 BLAD 0.2cm (,092 im
. 44 BLADES 0.6 cm (.208 in)  RIB THICKNESS
TIP MIN CAP @ BLADE TIP END

2.3 ecm(.940 in)
SOLID
LE.&T.E.

0.4 cm (.195 in)

62CM
RIB THICKNESS (24.6 IN)
CHORD @ ROOT END
9.1 ROOT )
13.3TIP
!
19 CM
(78 1N)

WALL THICKNESS
0.083 cm {0.033 in) @ TIP END
0.281¢cm (0.111 in) @ ROOT END

Figure 4,2.1-1 Shroudless Fan Blade Cross-Section

TOTAL BLADE WEIGHT = 10.1 kg {22.3 Ibs)
SECT.A-A (AIRFOIL 6.4 kg (14.2 Ibs) ROOT 3.6 kg (8.1 Ibs)
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TABLE 4,2.1-1

SHROUDLESS FAN BLADE GENERAL PARAMETERS

Hub /Tip

Aspect Ratio (Avg. Span/Root Chord)

Span (Avg.) cm (in.)

Root Radius (Avg.) cm (in.)

Root Chord(in.)

Taper Ratio (Avg. Span/Root Chord)
Thickness/Chord @ Root

Thickness/Chord(@ Ti?

> chord @ Root (deg.

o chord @ Tip (deg.)

Root Angle (deg.)

Tip Angle (deg.)

Number of Blades

Material

Airfoil Root Fillet Radius cm (in.)
Redline Rotor Speed (rpm)

Low Cycle Fatique Rotor Speed (rpm)

Tip Speed @ Redline Speed m/sec (ft/sec)
Tip Speed @ ADP m/sac (ft/sec)

Tip Speed Corrected @ ADP m/sec (ft/sec)
Torsional Stall Flutter Parameter m/sec (

500

400}
300 1ST TORSION //////

/o

2001 2ND BENDING A

FREQUENCY, HZ

bwt)

yBE

////
////,

AV

0.34 tle)
N.393 (Avg.)

2,50

62 (24,572)
a0 (15.918)
23 (9.093)
1.46

0.0954

0.0252

35.82

21.88

24,28

24

AMS 4928

0.88 (0.37)
4267

3988

461 (1515)
422  (1385)
455  (149A)

577 (1895 fps)

6E
//’/// 5
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FAN BLADE
MIN. SUPERSONIC UNSTALLED FLUTTER STABILITY

O HOLLOW BLADE (BEAM DECK)
J HOLLOW BLADE (NASTRAN)

0,012
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0.008
0.008
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-0,002
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b
L= 4

18T MODE 2ND MODE 3RD MODE

Figure 4.2.1-3 Blade Flutter Characteristics

Frequency calculations were accomplished with both NASTRAN finite element
plate analysis and the more standard beam analysis. Although the heam analysis
is the standard vibration prediction tool, the application of this technique
is questionable for this low aspect ratio hollow blade because of a greater
than normal chordwise hending component in the primary modes. Figure 4,2,1-2
shows the NASTRAN results. The heam analysis results afforded a more conserva-
tive frequency margin for 4E first torsion and 3F second bending modes (for
example, 14.6 and 7.1 percent versus 5.3 and 6.6 percent for NASTRAN method).
A -17.5 percent margin for 2E resonance was predicted by the beam method
versus -20.9 percent for NASTRAN. The results of both methods are acceptable
for experimental engine running. The 5.3 percent margin predicted hy NASTRAN
for 4€ first torsion mode may be lower than actual since recent holographic
test data indicate that NASTRAN method calculates torsional frequencies 4 to 8
percent low. If this is correct the margin would be sufficient for flight
propulsion system.

The 2E first bending mode resonance is predicted to occur between flight idle
and minimum cruise speeds (2400 to 2750 rpm). Acceptance of a 2E resonance
within the speed range is a departure from standard Pratt & Whitney Aircraft
practice, but is necessary to make a shroudless fan hlade feasihle. The sen-
sitivity of the 2E resonance stress levels to inlet distortion is of concern
and will have to be evaluated through testing before the acceptability of the
shroudless concept can be established for a flight propulsion system
application,

Diagrams showing platform mode resonances, tip mode resonances, and panel mode
resonances are presented in Figure 4.2.1-4, The tip mode was calculated using
the same full hlade NASTRAN model used to calculate the primary modes. Tndivi-
dual, more detailed NASTRAN models, were used for calculation of nlatform and
panel modes.Panel mode calculations were performed for the two concave surface
leading edge panels, which were judqged to be representative of all the low
frequency panels. No critical platform or tip mode resonances occur within the
operating range.
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4.2.1.1.2 Stress Analysis

The procedure used to calculate the airfoil static stresses was consistent
with standard procedure for solid fan blades (NASTRAN plate analysis and
fillet concentration curves). The low cycle fatique allowahle stresses were
compared to the maximum stress levels calculated at the inner surfaces of the
ho1low/so1id transition region (Figure 4.2.1-5), in addition to the max imum
airfoil root stresses (Figure 4.2.1-6). The low cycle fatique 1ife properties
for the inner surfaces were estimated from available specimen data for the
nonpeened, stress relieved, forged AMS 4928 titanium, Table 4.2.1-11 presents
the 30,000 cycle low cycle fatigue Tife peak concentrated stress levels in the
airfoil. These results are well within allowahles and indicate the airfoil has
a low cycle fatigue life greater than 30,000 cycles at all locations.

om 1] [+5]
SOLID ~4HOLLOW & z T HOLLOW-=tm-SOL(D
| I |
| |
60 [-— | |
]
I CONCAVE/'/ A
5 [ CONCENTRATED |
— I I ONCAVE
- | | NOMINAL
¢ I
o
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= NOMINAL |
= I I I
0 30}— \I
%) I I
= v | |
= 20— I I I
172}
I I I
I | I
0= | I |
| | [
o | [ I N | | |
() 10 20 30 40 50 60 70 80 80 100
L.E. PERCENT CHORD T.E.

Figure 4.2,1-5 Blade Internal Surface Stresses at Solid to Hollow

Transition Region

The standard Pratt and Whitney local leading edge and gross bending modes of
bird impact failure were assessed for the Enerqy Efficient Engine fan hlade.
Analytical treatment of any other failure modes was not attempted since the
test or field experience required for correlation does not exit., The most
likely failure mode for the Energv Efficient Engine fan is probably of the
local leading edge type because of the hollow feature. The large size and low
aspect ratio of the Energy Efficient Engine blade diminishes the possihility
of gross bending or torsion failures,

36

N R R el

PIELVYRPrN] Surireraiet Bye R s s e T iy

SPRPLL b oh oo o S e SU AR A R




s a
e B O s M g Py R e tiis § ol S PP e e O A AL it T BEW i VT o T

ORIGINAL P/ 1
OF POOR QUALITY,

827,376 __
(120) ~CONCAVE CONCENTRATED

689,480|__ \_..-\ CONVEX
(100 ’ N ~ CONCENTRATED

: AN
651,684 | ¢

y = CONCAVE LEADING EDGE CONCENTRATED
(BOIR

CONVEX
CONCAVE NOMINAL NOMINAL
413,688| Y
\

{60)

276,792
(40)

137,896
(20

STATIC STRESS,MPaXPsi)

Op—
-137,896

T.E.
-E. PERCENT CORD E

Figure 4.2.1-6 Airfoil Allowabale Root Stresses are for a Low Cycle
Fatigure Life of 30,000 Cycles

TABLE 4.2,1-11
AIRFOIL STRESS SUMMARY

Concentrat ed*
Stress
l.ocation MPa (kpsi)
Root Leading Edge Concave Surface 527,452 MPa (76.5 kpsi)
Root 40% Chord Concave Surface 701,890 MPa (101.8 kpsi)
Root 85% Chord Convex Surface 653,627 MPa (%.8 kpsi)
Internal Surface at Solid to Hollow 446,783 MPa (64.8 kpsi)

Transition Region 70% Chord, Concave Side

*Include gas bending and tilt stress components

The local leading edge bird ingestion capability was assessed by utilizing the
normal solid blade analysis (local shear bird ingestion parameter -- LSBIP)
with modifications to account for local inertia and shear area changes due to
airfoil hollowness. The results of this analysis are presented in Figure
4.2.1-7. The data indicate that the LSBIP is well helow the standard solid
blade limit. The Energy Efficient Engine blade, when analyzed as though it
were snolid, was designed to have a LSBIP of less than £0 percent of the limit
to provide capability to accept the reduced strength of the hollow hlade,
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Figure 4,2,1-7 Leading Edge Local Shear Bird Ingestion Parameter

In addition to the LSBIP analysis, the local leading edge capabilities were
compared to shrouded blades with NASTRAN analyses. The results of these
analyses indicated that the stress rise from the hollowness was approximately
offset by the Henefit of the absence of a shroud hard point. The results of
the gross hending analysis, shown in Figure 4.2.1-8, indicate this parameter
is well below the maximum allowable value. The low value of this parameter
results from the increased stiffness of the low aspect ratio design.

higher than most current designs because the ratio of tooth bending stress to
the neck stress is higher than usual. A lower than normal stress level results
from a reduced pull hollow airfoil, and neck stiffness requirements for fre-
quency. Although the tooth bending stresses are wel]l within criteria require-
ments, they are high relative to the neck stress levels, thereby producing the

higher than normal stress concentration. The concentrated fillet attachment
stresses is 513,637 MPa (89 kpsi).

The standard vibratory stress ratio calculation indicates that the Energyv
Efficient Engina fan has a stress ratio which is less than the minimum accept-
able, but aporoximately equal to the values of current design fans. Although
the low stress ratio could he Justified on the basis of Fillet radius, the

Therefore, a revised stress ratio aporoach was also used to evaluate the
design. This analysis not only includes fillet radius effects, hut also avoids
the questionable tooth bending stress treatment of the present analysis. The

results of the analysis indicate the Energy Efficient Engine stress ratin is
hetter thar thosa of current fan designs.
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Figure'4.2,1-8 Bending Bird Ingestion Parameter

Blade tilt was determined to be 0.914 cm (9.360 in) tangential and 0.381 cm
(0.150 in) axial. Analysis was done using a standard airfoil computer program
with hollow section properties developed from the hollow section designs. A
residual gas bending moment resulted in a compressive maximum stress of 44,126
MPa (6.4 kpsi) and a reduction of 23,442 MPa (3.4 kpsi) in the foil root max-
imum stress. Residual bending moment stress components were included in the
dovetail fillet 1ife and bearing stress calculations.

Bearing stress of the airfoil attachment was calculated to he 468,844 MPa (A8
kpsi), which is acceptable for experimental use.

4.2.1.1.3 Cold Geometry Correction

A NASTRAN uncamber/untwist analysis was performed at the aerodynamic design
point to establish the required cold correction to the manufacturing drawing,
A larger than normal correction was expected due to the absence of the mid
span shroud on this design. However, the NASTRAN results show less geometry
effect than expected due to the stiffening effect of the large root section
camber and wide chord of the blade design. The analysis results are shown in
Figure 4.2.1-9. The maximum effect is at the tip. The analysis showed metal
angle change at the leading edge to be 3.4 degree and at the trailing edge 3.2
degree. The net effect on @ ch was 2.4 degree opening. Untwist and uncamber
are largely from centrifugal rather than gas loads. Average takeoff low-
pressure is 0.6 percent above the aerodynamic design point and the geometry
effect on this increased speed is negligible. The minimum cruise low-pressure

rotor speed is 4.2 percent below the aerodynamic design point and the airflow
flow loss there is only 0.4 percent.

4.2.1.2 Shrouded Blade Mechanical Design
The shrouded fan hlade is a completely solid, 4.0 aspect ratio design, with a

part span shroud to reduce undesirable vibration characteristics. A summary of
the fan blade and attachment design is contained in Table 4.2.1-111.
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TABLE 4,2,1-111

Results of Shroudless Blade Untwist and Uncamber

SHROUDED FAN BLADE GENERAL DESIGN PARAMETERS

Aspect Ratiog
Material

Number of Blades
Airfoil Series

Average Root Chord - cnm (in)

Average Tip Chord - cm (in)

Number of Shrouds

Shroud Location

Broach Angle

Airfoil Length (at stacking line)

em (in)

Z Plane Radius - cm (in)

Maximum Speed (f1ight propulsion

system redline)

Tip Velocity (flight propulsion system

redline)m/sec (ft/sec)

Airfoil tilt (at 40.137" Rgyq4)em(in)
cm(in)

Average Moment Weight/Blade

B i e
T -

EAX EAe i e ram-iST

4.0

AMS 4928

36

Multiple Circular Arc -
Design contoured airfoil
15 (6.219)

23 (9.059)

1

71.5% span

2

£3.304 (24.923) (hot with
0.254 (0.100) in tip gap)
32 (12.835) (cold)

4267 RPM

456 m (1499)
1.016 (0.400) axial

0.584 (0.230) tangential
4054 0z-in
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4.2,1.2,1 Shroud

The shroud was designed in accordance with successful commercial experience,
and is similar to current high hypass ratio hlade shrouds. Crnss-sectional
area of the shroud is sized to survive impact and/or vibratory 1nads that the
adjacent airfoil would not. An increased thickness/chord ratio hump and
revised shroud geometry was used to alleviate high airfoil hending stress
induced by the shroud. Since this stress was anticipated, exfra material had
been designed into the forging layout to accommodate the increased thickness/
cnord ratio,

A 65-degree shroud-to-shroud contact angle was selected on the hasis of recent
test experience with similiar blade designs. To simplify manufacturing, the
shroud was defined as a tipped cylinder. Deflection from centrifugal force
will cause the shroud to assume a conical ring shape during operation. These
deflections were taken from the NASTRAN analysis.

A shroud location of 71.5 percent span was chosen for this fan blade. This
location was selected because: (1) a loss of 4E second mode margin and second
mode stability occurred when the shroud was moved inhoard, (2) a loss of first
mode stability occurred when the shroud was moved outhoard, and (3) the re-
search and development fan experienced high 3E resonance stresses with the
shroud at 73 percent span.

Stress to slip for various second mode nodal diameter patterns was calculated
according to the guidelines of the shroud design system. This stress was plot-
ted versus the resonant speed in percent of redline speed. Comparing this plot
to past experience shows that only in the 4E resonance would the shroud slin.
The 4E second mode resonance was therefore calculated using a pinned shroud
while all others were calculated using the normal shroud model.

4.2.1.2.2 BRalancing

Bending stresses at the root were designed to he zero for the low cycle fatigue
Timiting condition (3879 rpm, sea level takeoff gas loads). To achieve this
condition, an initial cold tilt of 0.749 cm (0.295 in) axial and 0,297 cm
(0.117 in) tangential was was analytically imposed in the direction of the qas
load. These values were determined using a computer program. Stresses were
determined acceptable at the aerodynamic design point with no gas ‘oads. The
blade remained in tension, with centrifugal stress greater than bending stress,
so buckling was not a concern, Final cold tilt was then established as 1.016
cm (0.400 in) axial and 0.584 cm (0.230 in) tangential when untwist-uncamher
effects were added. A NASTRAN program which accounts for shroud untwist caused
by shroud to shroud growth gap was used to obtain untwist-uncamber, Although
originally not incorporated, the shroud untwist effect is an additional 0.35-
degree. The tilt under hot conditions at the aerodynamic design point (3907
rpm, scaled down gas loads) is 0.5A3 cm (0.222 in) axial and 0.119 cm (0,047
in) tangential.

The blade is also halanced about the root by an 0.203 cm (0.080 in) offset
{stacking line to blade root centerline). This not only accounts for the
centrifugal load of the hlade and shroud and gas loads, hut also for the
platform and neck pulls, yielding zero moment ahout the Z-plane,
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4,2.1.2.3 Vibration Characteristics

The shrouded fan blade was analyzed for natural frequencies and resonance
crossings using a beam vihration analysis. This analysis includes the effects
of the shroud, disk, and dovetail attachment in its calculation of the natural

frequencies. Figure 4.2,1-10 shows the resonance diagram for the shrouded
h1ade.
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Figure 4.2,1-10 Resonance Diagram for Shrouded Fan Blade

A1l critical engine harmonic orders were out of the normal engine operating
range. The critical harmonic orders were: second (2E), third (3E), fourth
(4€), and tenth (10E, the intermediate case strut order). These harmonic
orders were avoided in the first three modes of vibration.

An increase in the disk rim depth was needed to achieve the needed first mode
2E margin. The 3E and 4E resonances in the first mode occur between the idle
and minimum cruise speeds. Final frequency margins are shown on the resonance
diagram (Figure 4.2.1-10). The intermediate case strut order (10FE) occurs
safely below idle for the first mode and between idle and minimum cruise speed
for the second and third modes.

Chordwise bending modes near the tip of the airfoil are calculated using a
free-free beam analysis of the outer 15 percent span of the airfoil. Critical
rasonances must have either positive redline or negative minimum cruise speed
frequency margin,

The resonances that had to be avoided were the intermediate case strut order
(10E), its first harmonic (20E) and the exit guide vane order (30F). Calcula-
tion of the first two tip modes revealed that adequate margins exist for all
the critical resonances (Tahle 4.2.1-1V) and no design changes were required.
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TABLE 4.2.1-1V
ENERGY EFFICIENT ENGINE SOLID FAN BLADE
TIP MODE FREQUENCY MARGINS

10 20E 30€
First Tip Mode (%) 54 -9.6 at -40 at
Min. Cruise Min. fruise Min. Cruise
Second Tip Mode (%) 236 at 68 at 12 at
Redline Redline Rediine

4.2,1.2.4 Flutter Analysis

The final airfoil design was analyzed for supersonic unstalled flutter and
stall flutter. The supersonic unstalled flutter prediction system uses the
airfoil vibratory mode shapes and frequencies from the beam vibratinon analysis,
along with the blades aerodynamics at various operating points to predict the
airfoil's aerodynamic damping. Stall flutter is predicted based on the air-
foils reduced velocity, tip twist to flap ratio, and experience.

Supersonic unstalled flutter is predicted based on sea level takeoff aerody-
namic conditions. This was the only set of conditions considered because it is
the only critical operating point the integrated core/low spool engine will
encounter, Also, the prediction system shows no unstable vibratory modes in
the first three natural frequencies. Rased on this, flutter is not expected, A
comparison of first mode reduced velocities and twist to flap ratios to pre-
vious experience shows that the Energy Efficient Engine shrouded fan lies well
within the stable region, therefore, stall flutter is not expected. Fiqures
4.2.1-11 and 4.2.1-12 show the flutter prediction results.

4.2,1.2.5 Bird Ingestion

Although the integrated core/low spnol demonstrator has not been scheduled to
undergo bird ingestion testing, the fan blade was analyzed to demonstrate that
it has the resistance to bird strikes. Both bird ingestion parameters, hending
and local shear, were calculated according to the requirements of the struc-
tural and dynamic design criteria., This blade satisfies the design criteria
for hoth bird ingestion parameters as shown in Figures 4.2.1-13 and 4.2.1-14,

4.2.1.2.6 Steady Stresses

An analysis of airfoil steady stresses summarize in Table 4.2.1-V showed that
root and under shroud stresses were within the 1imits of the low cycle fatique
requirement as shown in Table 4.2.1-V. The maximum radial undershroud stress
is 730,848 MPa (106 kpsi) on the convex surface at 85 percent chord. Fiqures
4,.2,1-15 and 4.2.1-16 show the concentrated stress profiles for undershroud
and airfoil root, respectively. The maximum trailing edge radial stress peak
is 482,636 MPa (70 kpsi), occurring just helow the shroud.

em B o~ T i B e e~

B s P e i tiew 1 Sa R T L P e 1 ot e JFAET 2 Y Sy eSO g A A Ny e ooy @ 2T T AT




ORIGINAL FACE 19
OF POOR QUALITY

SECOND COUPLED MODE

o 0
o ® o0
o o STABLE
o b oo & ]
O
o) O
{ ! i ! ] i | ( { L1
_lL T ] ] | I i 1 ] I i F—I'—"‘)L'
-8 -6 -4 -2 2 4 6 €
NODAL DIAMETERS
~—— BACKWARD FORWARD ~—am
UNSTABLE

Figure 4.2.1-11 Energy Efficient Engine Shrouded Fan 3table in
Supersonic Unstalled Flutter
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Fiqure 4.2.1-12 Enerqy Efficient Engine Shrouded Fan Stall Flytter
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TABLE 4,2.1-v
SHROUDED FAN BLADE 1
LOW CYCLE FATIGUE LIFE SUMMARY ;

Concentrated Resultant Low Cycle Fatigue
Location Stress MPa (kpsi) Stage Life (cycles)
Airfoil root 6
30% chord convex 503,320 (72) 10
Undershroud .
85% chord convex 730,848 (106) 58,000
Undershroud 5
40% chord concave 620,532 (90) 10
827,376
uzmr‘
cL
. nel Ef\s
561,684 Pd
(80) qﬁ
- R \
8 o) CH \
X 275,792
g a0)[© / =
= ’
oA
£ o ’
“ 0 "]
3 -1 /
£ a cf‘E%J”443433\
q -218,702( pos] % CHORD FROM
« (-40) LEADING EDGE
* 3900 RPM o
-851,584 §$,L“T°,§“§,§* :E\ESSVALUES O CONCAVE SURFACE
(-80) [0 CONVEX SURFACE
-827,376 ] l ] |
PERCENT CHORD

Figure 4.2,1-15 Undershroud Concentrated Stress Profiles for the
Shrouded Fan

4.2.1.2.7 Cold Geometry Correction

The NASTRAN uncamber/untwist analysis generated coordinates reflecting the

uncamber and untwist from the aerodynamic design point. This output was used

to correct the cold geometry file, using an automated technique. The untwist

and gncamber versus span plot from the NASTRAN analysis is shown in Figure

4,.2.1-17. .
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Figure 4.2.1-16 Airfoil Root Stresses for the Shrouded Fan
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Figure 4.2.1-17 Uncamber and Untwist for the Shrouded Fan
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A4,2,1.2.8 Multiple Blade Lnss

Multiple hlade loss was checked by calculating the Fit/Fa ratio and comparing
it to failure criteria. The Fit/Fa ratio compares the enerqgy of the released
hlade to the energy the following blade can ahsorh, The results of the analy-
sis are presented in Fiqure 4,7.,1-18. The vertical axis shows where the
following blade is struck by the released blade in percent span from the root,
The horizontal axis is a ratio of the energy in the released hlade to the
energv the following blade can absorb before failing, This figure shows the
design curve. A data point to the right of the curve indicates a multiple
hlade failure, while a point to the left indicates a single hilade failure. For
the fan hlade, only the energy ratio was calculated since it was found to lie
to the left of the design curve for any contact point on the follawing hlade.

4,2.1.7.9 Ront

Blade attachment requirements were established hased on the size and weight of
the airfoil, Using these requirements, an existing hroach design was selected,
The use of this existing design will result in a suhstantial cost savings in
component design, tool design, and fabrication.

Blade attachment stresses were calculated using this existing hroach desiagn
and were ‘ound to be well within design limits, The broach profile and a
summary of these stresses is shown in Figure 4.2.1-19,

A snap ring is used to retain the blades. This design can withstand 10 percent
of the hlade pull load or approximately 4,989 kg (11,000 ibs). In addition, a
maximum platform curling stress of 52,400 MPa (7600 kpsi) was calculated which
is within allowable limits.

4.2,2 Fan Disk and Hub

Besides the hlade, the fan rotor design consists of a huh, hlade lock, hlade
lock retainer, and tieholts to attach the hub to the stuhshaft,

4,2.2.1 Fan Hub

Fan hubs were designed for both shrouded and shroudless hlades since inter-
changeab ility with the nose cone and stubshaft was required. AMS 4928 titanium
was selected for each since it has the best strength and weight character-
istics. Both hubs were sized to keep the coupled hlade/disk vihratory mode out
of the onerating range.

The hurst margin and stress values for the hubs were calculated using an
available computer program, based on the inteqrated core/low spnol redline
speed of 3902 rpm. Low cycle fatique lives were calculated hased on stress
from zero to sea level take-off speed (3883 cpm). The results of these
analyses are tabulated in Tables 4.2.2-1 and 4,2.2-11,

The rotor assemhlv was analvzed using shell techniques. This analysis wac used
ty position the disk on the nose cone to minimize rolling of the disk rim, The
results of this analysis are presentad in Figure 4.2,2-1,
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ORIGINAL PAGE (8 ;
OF POOR QUALITY »ﬂ
TABLE 4.2.2-11

DISK STRESS AND LIFE SUMMARY

Shrouded Blade

Shroudless Blade
Average Tangential Stress MPa (kpsi) 339,224 149,7Y

Burst Margin

Rim

" Tangential Stress Mpa (kpsi)
Radial Stress MPa (kpsi)
Low Cycle Fatigue Life,

Cycles

Bolt Circle - Inner
Tangential Stress MPa (kpsi)
Radial Stress MPa (kpsi)
Low Cycle Fatigue Life,
Cycles

Bolt Circle - Quter
Tangential Stress MPa (kpsi)
Radial Stress MPa (kpsi)
Low Cycle Fatigue Life,
Cycles

SNAP - Concentrated Stress MPa {kpsi)
Low Cycle Fatigue Life,
Cycles
Hub - Bending Stress MpPa (kpsi)
Low Cycle Fatigue Life,

1.495
305,439 (44,3)
56,537 (8.2)
105

151,685 (22)
8,273 (1.2)
105

89,632 (13.0)
200,638 (29,1)
105

187,538 (27.2)

105
389,556 (56,5)

26R,T39 (38.A) )

1,487
199,949 (29)
48,263 (7)

195

273,034 (39,6)
784,755 (41,3)
19000

312,334 (45.3)
327,503 (47.5)
/000

425,409 (A1,7)

105
456 435 (f6,2)

Cycles 105 105
T _— S . Q -
) HOOP STRESS = 11,031,680 Pa
" (1,600 PS!)
P = 1 ’ (4
HOOP STRESS = 38,610,880 Pa HOOP STRESS ?45 335 ,?s",‘,’ Pe
| (5,600 Ps1) BENDING STRESS = 358,529 600 Pa
=\ HOOP STRESS = 186,159,600 Pa (52,000 PSI)
&p (27,000 PS1)
HOOP STRESS = 199,949,200 Pa
ALUMINUM™ (29,000 Ps1)
AMS 4135 ,
% Y HOOP STRESS = 461,951,600 Pa
STEEL Ui (67,000 PS1)
AMS 5613 \
SEAL"////'

* LOW COST CONSTRUCTION S
* LOW STRESSES , o
* BLADE LOCK MEETS COMMERCIAL ENGINE CRITERIA ‘

Figure 4.2.2-1  Shrouded Fan Nose fone Assemhlv
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4.2.2.2 Bolted Joint

The fan hub, low-pressure compressor rotor, and stub shaft are holted tagether
with fifteen 2.59 cm (1.0 in) diameter steel (AMS 5617) holts. The confiqura-
tion of the joint was influenced hy the use of an existing numher 1 hearing
design. This hearing was used for cost considerations. Although this hearing
is acceptable for ground tests, it does not meect minimum life requirements for
the flight engine. A larger diameter flight engin~ hearing will necessitate a
redesign nof the joint area.

The bolted joint was analyzed using a two dimensional finite element program.
The snap joint was found to have a life greater than 10 cycles on hoth

hubs. The bolt circle 1ife on the shrouded hlade huh is also greater than

102 cycles. However, it is only 8,000 cycles on the shroudless hlade holt
circle, but would be adequate for experimental use. Additional design work
would be required to increase this life for a flight engine application.

The bolted joint was sized for fan blade loss load of 329940 cm - kN (202,000

in-1bf) at the limiting 3902 rpm condition. A holt torque of 2040 cm - kN (800
in-1f) will be used to load the bolts to 80 percent of their vield strenqgth,

The bolt low cycle fatigue 1ife meets design requirements.

A summary of €an rotor materials is shown in Fiqure 4.2.2-2,

©

&

STUB SHAFT PWA 733
(STEEL)

BLADE LOCK RETAINER
AMS 5613
(STAINLESS STEEL)

NOSE CONE
AMS 4135
(ALUMINUM)

BLADE LOCK

R\ = }
FAN HUB R i
AMS 4928 ’
AMS 5613

(STAINLESS STEEL)
==

AFT-SHROUDED BLADE
4.0 ASPECT RATIO
AMS 4928 (TITANIUM)

i U\ U

RUB STRIP
PWA 635-2

ACOUSTIC LINER

CONTAINMENT CASE
BOILERPLATE STEEL

Figure 4.2.2-2  Shrouded Fan Rotor Assembly Materials
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4.2,.3 Nose Cone

The nose cone and end cap are copies of a JT9D design, and are machined from
AMS 4135 aluminum. This material was selected for the integrated core/low
spool hecause of cost considerations. Fiberglass would be specified for a
flight weight engine. The outer contour of the nose cone is an elliptical hodv
of revolution which blends into a cone at the hlade root.

The nose cone incorporates a hlade retention ring that locks the hlades into
the rotor so there is no axial movement. The nose cone also serves ton hrace
the fan disk against loads imposed on it by the blades. These loads tend to
make the disk edges "roll", or curl towards the front of the engine. The nose
cone is compressed by this curling motion, acting as a support to limit the
curling motion,

4.2.4 Stubshaft and Bearing Compartment

The stubshaft, bearing compartment, and bearing support were designed in con-
junction with both the fan and low-pressure compressor component to ensure
that the combination load reguirement was satisfied. Maximum use was made nf
existing designs.

4,2.4.1 Stubshaft

The 8tubshaft was designed to satisfy the fan blade loss moment load of 29.73
x 19° (2.631 x 10° in-1bf) at the centerline of the number one bearing and

to accommodate a 7708543.6 cm (682,172 in-Ibf) torque load. In addition, an
axial load requirement of 19,800 kN (45,000 Ibf) forward and 30,800 kN (70,000
Ibf) rearward of the number 1 bearing was incorporated.

Both AMS 4928 titanium and PWA 732 steel were considered for materials. Steel
was selected for both the integrated core/low spnol and <light propulsian
system because of cost considerations. The favorable weight of the titanium is
not attractive for the flight propulsion system even on a total cost hasis.
The steel shaft weighs 57 kg (148.4 1bs.).

The shaft has 15 flange holes forward to accommodate the fan/low-bressure com-
pressor rotor tie bolts. These holes are indexed to the 10 de-niler holes to
facilitate balancing of the shaft.

Figure 4.2.4-1 shows the location and values of maximum stress in the stuh-
shaft. Low cycle fatique 1ife was evaluated at three locations on shaft. A1l
three locations, which include the front flange, the deoiler hole location,
and the snline, were found to have Tives greater than 20,000 cycles.

4,2.4.2 De-0iler

The de-oiler is mounted on the stubshaft and is designed to seoarate nil from
breather air for all main engine hearing compartments. The deoiler air passes
through the center of the low pressure turhine shaft and exits at the rear end
of the mixer via a center tube. The de-oiler type was chosen to minimize pras-
sure drop while not using more than N.118 percent total enqine airflow. The
maxi?um 011 loss goal was estahlished at 0.3 liter per hour (N.1 gallon per
hour),
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Do

ORIGINAL PACL k
OF POCR QUALI™

0.2% YIELD % OF MATERIAL
LOCATION STRESS STRESS IN PLASTIC RANGE

A 834,270 MPa (121 kpsi) | 820,481 MPa (119 kpsi) 1%

8 806,691 MPa (117 kosi) 820,481 MPa (118 kpsi) - NONE
c 503,320 MPa (73 kpsi) 820,481 MPa (112 kpsi) NONE
D 482,636 MPa (70 kpsi) 820,481 MPa (119 kpsi) NONE
£ 393,003 MPa (57 kps1) 820,481 MPa (119 kpsi) NONE
F 379,214 MPa (55 kpsi) 820,481 MPa {119 kpsi) NONE

Figure 4.2.4-1

Location and Yalues of Maximum Stress in the Stubshaft

The de-oiler, shown in Figure 4,2.4-2, is a hrazed assemhly consistinag of 80
radial vanes and two side plates. AMS 5062 steel is used for all parts hecause
of its low cost and excellent weldability. The forward side plate was canted
aft as a precaution to trap the vanes in the event of hraze failure during
service. This design is similar to the gear box de-oilers used in current

engine models.
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(10) 2 CM (0.860 IN) DIA HOLES
SECT A-A

Fiqure 4,2,4-2  Shrouded Fan Deoiler Assembly
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4.2.4.3 Bearings

The number 1 and number 2 bearings are existing designs to eliminate the cost

of a bearing development program. Pertinent design characteristics of the

hearings are contined in Table 4.2,4-1,

Both designs are adequate for the integrated core/low spool program, hut dn

not meet flight Propulsion system 1ife requirements., To meet the flight

propulsion system 1ife requirements, the diameter of

pPresent 210 and 350 mm diameters, The numher 2 bearing
requires an increase from its present 180 mm to 19n mm,

TABLE 4.2,4-1
BEARING CHARACTERISTICS

No. 1

——

Type Unflanged Ra1ll
Split Inner Race

Size 210 x 350 x 55.9 mm
Material

Ro1ling Element PWA 793

Rings PWA 793

Cage AMS 4514
No. of Ro11ing Elements 20

Ro1ling Element Size cm (in) 3 (1.5625) dia

Internal Radial

Clearance cm (in) 0.033 (0.0133) -
0.358 (0 145)
Tolerance Class ABEC #7
DN Value Max 2.819 x 106
Ca0ling Scheme Axial Scoop
Under Race

4.2.4.4 Number 1 Bearing Seal

An existing bearing sea) design was selected for cost considerations, Tt is an
i i .- This seal meats

internally Prassurized carbon fa

the numher 1 bearing
would have to he increased to 269 mm inner and 385 mm outer diameter fronq the

outer diameter also

No. 2

—————

Unflanged Roller
NouhTe Shouldered
Outer Race
Outer Land Riding
130 x 180 x 21.a mm
PWA 723
PWA 723
AMS R414
26

10,5512} diga X
1 (0.5512) Lgq
0.009 (0.003A) -
0.013 (0.N052)
RBEC #5
0.507 x 106

Jet

all requirements éxcept for the ninimum pressure differential, The differen-

tial requirement of 6,894 Pa (1 psi) may not he met Hec

necause of the low preg-
sure build up in the low-pressure cumpressor at idle and due to the pressyra

drop across the de-oiler at thijs condition. No backup a
result of ijts ineffectiveness at Tow sneads, Testing in
spool will determine if the seal will leak at idle,

istics are described in Tahle 4.2.,4-.11,

ir seal is used ag a
integratad core/low
The operating charactar-
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TABLE 4.2.4-11
BEARING SEAL DESIGN

Parameter Predicted Performance
Max imum Rubbing Speed m/sec (ft/sec) 53 (174)
Maximum Air Temperature C (F) 125 C (2579F)
Pressure Differential
Maximum pa (psi) 137,896 (20 psi)
Minimum pa (psi) possihly less than A,894 (1nsi)

4.2.4,5 Number 1 Bearing Housing

The hearing housing is an existing design that meets the integrated core/low
spool fan blade loss moment of 11.58 x 106 kN (2,631 x 100 bf) at the

number 1 bearing location, and 0il drainage flow rate regquirements of 9 kg/min
(21 bm/min). The housing material is AMS 4028 titanium. Representative
stresses are shown in Fiqure 4.2.4-3,

- /
A
\
B
LOCATION STRESS
A 542,620 Pa
(78.7 kpsi)
B 356,852
(5.2 kpsi)

Figure 4.2,4-3 Number 1 and ? Bearing Housing Front Flange
Representative Stresses Under Fan Blade Lass fondition

4.2.4.6 Numhers 1 and 2 Bearing Support

The combined bearing suppaort was designed_to meet the fan blade 1nss stress
requirement of 11.58 x 106 kN (2.531 x 106 Inf) at the number 1 bearing
location. To reduce costs hoth front and rear flange were designed using
existing bolts, Representative rear flange stresses during the fan hlade loss
condition are shown in Fiqure 4.2,4-4, The support is a steel AMS 5504/RA13
weldment.

56

- - e S S e e~

IR AL 2 Dl 2 B N I LY pe g am i 5 PRRSNTS S L & L SN S LR ] | o 2 i A ia B7F 7 A T Y B Tt



Forg TMFo - S L

oGNS L B

OF POGT LUkl

STRESSES

LOCATION INTEGRATED CORE/LOW SPOOL LOADS

£3 LOADS

419,203 MPa (60.8 kpsi)
786,696 MPa (114.1 kpsi)
276,481 MPa (40.1 kpsi)
517,799 MPa (75.1 kpsi)
894,945 MPa (129.8 kpsi}

mpopoOw)»

432,993 MPa (62.8 kpsi)
748,085 MPa (108.5 kpsi)
501,251 MPa (72.7 kosi)
941,140 MPa (136.5 kpsi)
276,481 MPa (40.1 kpsi)

Figure 4.2,4-4 Number 1 and 2 Bearing Housing Rear Flange
Representative Stresses Under Fan Blade Loss Condition

4,2.4,7 0il System

The 0i1 supply system for the numher 1 bearing and seal delivers 3 kg/min (18
bm/min) of 011 through a single o0il jet to an axial scoop attached to the

hearing retaining nut. The 0il is supplied to the bearing and seal via slots

and grooves in the stubshaft nuts and spaces. The 0il drains to the inter-
mediate case bottom strut through drain holes in the bhearing housing and

bearing support.

Q11 for the number 2 hearing is supplied by an 0il iet in the intermediate

case towershaft/number 3 bearing oil system.

4,2.5 Fan Containment Case

The integrated core/low spool fan containment case was designed to he inexpen-
sive, while meeting acoustic, containment, and structural requirements. Since
the case is for experimental use only, it does not meet weight Timitations for

a flight application. It was designed for use with the shrouded fan, hut can

he mdified for shroudless fan use if required.

The case assembly consists of two rings machined from forgings. AMS 5042 low

carbon steel was selected for its low cost. Acoustic liners are constructed of
aluminum honeycomb which is bonded to the steel case. Perforated aluminum
sheet is honded to the honeycomb which in turn, is covered with a honded

stainless steel mesh. The design is shown in Figure 4,2.4-5,
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STAINLESS STEEL MESH

> === PERFORATED ALUMINUM
NG FACE SHEET

SHRQUDED | [\

BLADE

T ALUMINUM HONEYCOMB
t *S\STEEL CASE
SOUNDLINER
INTERMEDIATE

'] [ / CASE
IE KEVLAR/

]
]
|
L
|

EPOXY FAN CONTAINMENT
RUBSTRIP CASE-REAR

FAN CONTAINMENT
CASE-FRONT

Figure 4.2,4-5 Integrated Core/Low Spool Fan Case Baseline Design

The blade tip rubstrip consists of 25 abradable chopped Kevlar/epoxy segments
(PWA 635-2) bonded to the casa, These segments will be trenched or a aroove
machined in helow the flowpath after installation in the case,

The case was analyzed for containment, coincidence, hlade passing resonance,
natural frequency, huckling, and bending. Containment was provided ahead of
and behind the fan hlade as well as in the hlade plane. The minimum required
case thickness to contain the fan blade depends on several factors, such as
the dynamic shear strength of the case, the fan Hlade geometry, and redline
for containment at the flight propulsion system redline speed of 4267 rpm. The
minimum required case thickness calculated for an in-plane impact was found to
be 0.85 inch for the shrouded blade and 2.54 cm (1.00 in) for the shroudless
hlade. The case was designed to satisfy the required in-plane aft thickness
and forward thickness for both blades,

The integrated core/low spool fan case natural frequencies for nodal diametars
2 through 12 were determined using a shell analysis. The assembly analyzed
consisted of the two piece fan case as shown in Figure 4,2.4-5, The design
included 3 em 1,33 in) thick honeycomh in front of the fan hlade and 2.2 cm
(0.9 in) thick honeycomh aft of the fan blade, honded onto the case. The mass
of the acoustic honeycomh and the rubstrip under the fan hlade was taken ints
account in the model, hut not their structural stiffness. The aft end of the
case was pinned, allowing no deflection in the radial and axial direction,
Full compatibility was assumed at the flange connecting the forward contain-
ment case to the rest of the fan case.
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Two criterion were used in determining which of the case natural frequencies
could contribute to coincidence: (1) the area under the blade must display at
least 25 percent of the maximum displacement of the model and (2) the max imum
kinetic energy must occur in the area under the blade, Analyses were conducted
for two case geometries, a "haseline" configuration without coincidence rings

and a "stiffened" case using straight sided stiffening rings, as shown in
Figure 4,2,4-6,

STRAIGHT SIDED
COINCIDENCE RINGS

2 CM (0.875 IN) ACOUSTIC HCNEYCOMB
AREA UNDER FAN BLADE

G-
\BZCM(100IN)ACOU§HCHONEYCOMB

Figure 4,2,4-5 Integrated Core/Low Spool Fan Case "Stiffened" Design

For the integrated core/low spool engine, the gearbox is mounted on the fan
case. Integral with the case are two rings where the gearhox can he bolted

onto the case. The presence of the gearbox poses a limitation on the location
of coincidence rings.

The case frequencies were combined with the blade and disk natural frequen-
cies, as shown in Figures 4.2.4-7 and 4.2.4-8, to obtain a coincidence dia-
gram. A frequency margin was calculated at integrated core/low spool redline
soeed of 3902 rpm for each nodal diameter. The limiting frequency margins are
at a relatively low nodal diameter = 4. The baseline model (with no coinci-
dence rings) resulted in a fan case coincidence frequency margin of +5 percent
for the shroudless blade and +62 percent for the solid blade.

To attain an adequate frequency margin for the shroudless hlade desiqn, the
fan case was stiffened with four coincidence rings, as in Figure 4,2,4-5_ This
increased the fan case coincidence frequency margin to +21 percent for the
shroudlass hlade and +93 percent for the snlid blade

Although the case coincidence frequency margin for the shroudliess hlade is
somewhat less than the design requirement, it is greater than other Pratt &
Whitney Aircraft successful designs and is considered to be adequate, Flight
experience with current engine models has demonstrated successful fan case

operation with coincidence margins below those in the integrated core/low
spoo! fan case design.
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Figure 4.2.4-7  Shroudless Fan Case Coincidence Diagram

400

200

REDLINE = 3802 RPM

AR N T i

Fitag iy Py o petds L

+93.3% MARGINT NODBAL
0 DIAMETER =
__-200
N
z
>
% ~400 6
2
w
8 -600 8 7
w
o
b
-800p~ FREQUENCY MARGIN |BASELINE 10
ND BASELINE STIFFENED
3 > 100 > 100 STIFFENED "
~10001=4 68.7 93.3 12
5 625 > 100
6 637 > 100
-1200= 7 6728 > 100
8 714 > 100
| 1 | | | | | |
0 1000 2000 3000 4000 65000 €000 7000 8000
ROTOR SPEED (RPM)
Figure A4.2.4-3  Shrouded Fan Case Coincidence Niagram Ca.e




s ——*wﬂ" o B e - rr
. .ma“ .

g " .
(ﬂk\f‘.' -\"-'”l'A : S

CF RO i,y !
Analysis for fan case resonance due to hlade passing involved using an analy- o
tical model and evaluating the natural frequencies at nodal diameters 24 and 4
36, the numher of hlades for the shroudless and shrouded fan, respectively,
The unstiffened case natural frequencies for nodal diameters 2?4 and 36 are
shown in Figure 4.2.4-9, There is greater than 100 percent case frequency
margin on hlade pass frequencies for the baseline fan case with no coincidence
rings. The addition of the coincidence or stiffening rings will serve to
increase the fan case natural frequencies and the frequency margins,

The case meets bhuckling and bending requirements at 3902 rpm redline speed ‘
with a blade loss moment of 4305300 cm - kN (381,000 in-1f) at the hlade

area. Maximum temperature in this area is 30 € (860F) forward of the hlade

and A8 C (15A9F) aft of the hlade.

E{.-L_L_{_L__LJ_ Ldd

7000}—  FAN CASE NATURAL FREQUENCY :
AT NODAL DIAMETER = 36 REDLINE = 3902 RPM \

WITH NO COINCIDENCE RINGS J

(SHROUDED BLADE DESIGN)

OVER 7000 HZ g

6000}~

i
5000

FAN CASE NATURAL FREQUENCY FREQUENCY = 36N/60
AT NODAL DIAMETER = 24

WITH NO COINCIDENCE RINGS !
(SHROUDLESS BLADE DESIGN) :
3000 AT 4226 HZ

FREQUENCY, HZ
<]
o
=)
|

2000/~ SHROUDED BLADE

R
SHROUDLESS BLADE FREQUENCY = 24N/60

1000

o ! 1 I I I | .
0 1000 2000 3000 4000 5000 6000 '

ROTOR SPEED, RPM

Figure 4.2,4-9 Comparison of Shrouded and Shroudless Fan 8lade
Passing Resonance

4.2.6 Blade Tip Gap

The blade radial tip clearance status is shown in Table 4,2,6-1, Factors that
affect clearances are listed in Tahle 4.2,6-11, and Tahle 4.2.6-111 identifies
factors that are permitted to rub in.

The cold gaps are estahlished to position the hlade tin Yine-on-1ine with the

theoretical flowpath at the aerodvnamic design point. The mating ruh strip has

a shallow trench installed to allow for normal operating excursions, rotor

whirl, maneuver, and cowl loading. The blade tio clearance was estahlished, s
assuming 50 percent cowl load sharing. Tolerances will he permitted to ruh in,
The tip clearance values shown are to the hottom of this trench,
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TABLE 4.2,.6-1
BLADE TIP CLEARANCES

Clearance cm (in,) «
N.139 (0,08R) .

Condit ion
Aerodynamic design point
Sea level take-off-Transient 0.088 (N,035)

Sea level take-off-Steady State N.152 (0.060) i
Cold 0.317 (0.125) ‘

TABLE 4.2.6-11
FACTORS AFFECTING TIP CLEARANCE

Required increase

in Tip Clearance cm (in.)

0.005 (0.002)

N.045 (0,018) .
0.080 (0.020) !

Factor
Rotor Whirl
Maneuver (sea level take-off)

Pinch !
Cowl Load n.038 (0.015) g
Total 0.139 (0.055)
TABLE 4,2.6-111

CLEARANCES THAT WTLL RUB IN
Factor Clearance cm (in.)
Tolerances 0.025 (0.010)
Case OQvalization 0.000 (0)
Total

5.025 (0.019) \

4.2.7 Component Weight Summary

A weight analysis was performed for the integrated core/low spool for hoth fan
configurations. A summary of the component weight hv major subassemhlv as
designed is presented in Tahle 4.2.7-1. These weights do not reflect future
Flight Propulsion System values. Flight component weight will be presented in
the Propulsion System Final Design and Analysis Update in 1984,

TABLE 4.2.7-1 ,
WEIGHT SUMMARY i

Shroudless kgs!1hs) Shrouded kqs(bs)

62

B81ades 247 (535.72) 175 (387,4)
Fan Hub 184 (405,8) 117 (258.3)
Stuhshaft f4 (141,7) A4 (141.7)
De-oiler 1 (3.9) 1 (3,9)
Nose Cone/Attachment Hardware 29 (5A5.8) 29 (55,83)

Fan Containment Case
(Front and Rear)

P R T T DY

Totals

1,637 (3610.5)

2,160 (4762.9)

1,711 (3774.?)

2,100 (4631 ,5)




SECTION 5.0
CONCLUDING REMARKS

The fan component designed for the Fnergy Efficient Engine capitalizes on the
technology advancements in aerodynamics and structure-mechanics to provide a
high-performance system. On the basis nf results from design analyses, the fan
meets or exceeds performance, durahility and structural integrity qoals,

The design analyses corroborate the perfomance superiority of a hollow, shroud-
less blade concept. However, considerahle development is required in manufac-
turing technology to produce a viable component. This technology may bHe avail-
able for a far term flight propulsion system,

Overall, the technology incorporated in the Energv Efficient Engine fan will
have wide apnlication. Much of this technology is applicahle to next genera-
tion gas-turbine engines as well as advanced derivatives of current commercial
engines,
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Aerodynamic Summary .

VI T Y Ve Vel dge Up 3 ¥ Ya o Ve Vgro uVm v ¥z ) -2

SLOSWS S WS WS WS WS WS WS /S /s M5 M/S O KG/M-S KG/MT-S RAD RAD PU/PO INLET f

1 193.7 303.1 193.7 15¢.8 0.0 201.8 154.8 180.5 247.9 170.3 -156.8  75.3 200.07 182,50 0.4237 0.423Y  1.0490 i
¢ 191.4 233.3 191.4 1u0.3 0.0 233.5 iv7.8 198.U £54.5 ludl -167.8  3o.5 i99.08 198,82 0.4104 0.4003  1.ul4e

3 192,56 207.7 192.5 104.0 0.0 21..b 182.9 210.6 265.6 164.0 -182.9 1.0 199.90 209.95  0.3%69 0.3749  1.6017

4 1901 257.2 196.1 165.4 0.0 197.0 197.8 c22.u J78.5 167.4 -191.8  -2u.7 202.30 2iv.8Y  0.oul8 0,400l 1.60UG

5 200.8 250.2 200.8 lea.l 0.0 188.0 211.7 234.0 291.8 171.4 -211.7  -46.1 .05.36 220.78  0.3202 0.3062  1.008Y

U 213.4 2405 21,4 165.1 0.0 i82.5 247.7 2vd.4 327.0 188.3 -237.7 -81.9 213.0l 230,02 U232 0,230 1.el7y

7 226.4 249.2 226.4 171.2 0.0 181.0 313.1 319.9 380.4 220.5 -313.1 -138.9 219.99 251,98  0.ll66 0.1070  1.8223 .
8 229.5 243.9 229.5 170.2 0.0 174.6 340.4 343.3 410.5 239.7 -340.4 -168.7 221.48 253,23 0.0670 0.0665  1.8310 R
9 229.3 239.5 229.3 168.2 0.0 170.5 371.4 370.9 436.4 261.6 -371.4 -200.4 221.38 249,90  0.0197 -0.0460  1.8273 g
10 222.1 228.4 222.1 176.5 0.0 145.0 414.4 408.5 470.2 317.1 -A14.4 -263.5 217.78 261.20  -0.0033 -0.1147  1.7680 ;
11 217.1 223.0 217.1 173.8 0.0 139.8 426.2 318.8 478.3 328.8 -426.2 -279.1 215.09 255.31  -0.0072 -0.1341  1.7357 |
12 211.0 219.3 211.0 170.5 0.0 137.9 437.9 429.2 486.1 337.5 -437.9 -291.3 211.60 246,40 -0.0775 -0.1556  1.7024 "
13 192.9 220.3 192.9 168.4 0.0 142.0 456.9 446.3 496.0 347.8 -456.9 -304.3 200.11 233,35 -0.1504 -0.1435  1.6482

VI V2 Ym Vm Vel Vo2 Ul Ue v vy, Vo'l  Ve'2 #1¥ml v2¥m2 3 2 TE SPAN

SL FI/SFT/S FT/s FT/S FT/S  FI/S FU/S F1/S FI/S FT/S  FI/Ss  FT/% WM/FTS.S  LBW/FT2-5  OEG DEG PERCENT
—— e e — e —— M i
1 635.4 994.6 635.4 501.3 0.0 359.0 507.7 612.0 B13.4 558.9 -507.7 247.1 41.10 37.34 24.276 24.286  0.0000

¢ 627.8 929.4 627.8 526.0 0.0 766.2 350.6 649.8 835.1 538.8 -550.6 116.4 40.77 40.73 23.858 23,393  0.0444

3 631.7 878.4 631,7 538.1 0.0 694.3 600.2 691.0 B871.4 538.1 -600.2 3.3 40.94 43.00 22.739 21.479  0.0927
4 543.4 843.9 643.4 582.7 0.0 436.2 o88.9 730.5 916 $49.2 -0dB.§  -84.3 41.44 44,42 20,727 1w.253  0.14w

5 658.8 820.9 658.3 541.7 0.0 616.7 694.6 767.9 957.4 562.4 -094.6 -151.1 42,06 45,22 18.349 17.542 0.1829
9 700.2 d07.5 700.2 541.8 3.0 598.7 412.7 867.5 1072.7 604.s -8l¢./ -208.8 43.63 47.:1 13.337 13.639 0.2997

7 743.0 817.5 743.0 S0l.7 0.0 594.3 1027.J 1049.7 126/.6 723.4 -1027.3 -455.8 45,00 51.61 6.678 0.131 0.513%
8 752.9 800.1 752.9 555.6 0.0 372.9 illu.7 1.i26.3 134u.8 780.3 ~illo.7 -553.4 45,36 51.806 3.839 5810 U.6034

9 752.2 785.9 752,2 551.9 0.0 559.5 1218.5 1217.1 1432.0 u58.5 -1218.5 -057.5 45,34 51.18 1.131 -2.63v  0.7099
10 728,5 749.5 724.8 579.1 0.0 475.4 5.59.0 1330.4 1542.0 1040.5 -1459.5 -Sus 4 44,00 53.50 -3.626 <6.570 u.8544 !
11 712.4 731.7 212.4 570.2 0.0 454.0 1398.4 1374.2 1509.4 1078.7 -1398.4 -915.7 44,05 52,29 -3.853 -7.685 0.8942
12 092.2 719.4 092.2 559.2 .0 4°2.5 143v.8 1408.3 i54.8 1107.4 -1936.8 -955.4 43.34 50.55 -3.441 -8.915 0,942
13 632.8 722.7 632.8 552.4 0.0 4uo.0 1499.2 1464.4 1627.3 1141.1 -1499.2 -995.4 40.98 47,7y -8.619 -8.220 1.0000

3; B 4'y 8 igg  im 8° s']-8'2 T Teoss' 2/ 20 ag TOTAL  up TUTAL
SL DCG DEG DEG 9ZG My Mt DEG DEG DEG  OEu 0 TOTAL TOTAL PO2/POL purcent  percent

10.0 59.7 38.63 -25.24 0,5884 0.8864 0.7532 0.4981 0.82 6.71 1.47  ©64.86  0.5353 0.1693  0.0292  1.6396  89.95 90.62
20.0 55.6 41.41 -12.5] 0.5809 0.8233 G.7726 1.4775 1.26 .40 8.26  53.92  0.5585 0.1272  0.0255  1.614¢ 91.80 92.34

3 0.0 52.243.80 0.350.5847 0.7752 0.8066 0.4748 0.75 5.28 10.18  44.15  0.5696 0.0906 0.0199  1.6017  53.67 93.93
$9.0 49.9.45.43  8.80 0.5963 0.7422 0.8469 0.4830 0.23 4.33 10.45  36.63  0.5735 0.0652 0.0150  1.6006 94,95 95,25

50.0 48.6 46.56 15.54 0.6116 0.7196 0.8888 0.4931 0.05 3.83 10.53  31.02  0.5787 0.0511  0.0121 1.6089 9576 96.04
60.0 47.8 49.12 26.31 2.6532 0.7019 .0008 0.5257 0.28 3.49 1).11  22.82  0.5%1 0.0483  0.0120 1.6779  95.6: 95,92 y
70.0 46.654.13 39,03 0.6969 0.7006 1.1892 0.6199 2.03 4.44 9.25 15.10  0.5852 0.0661  0.0169  1.8223  93.47 93.99 )
37.0 45.8 56.04 44,76 0.7071 0.6821 1.2649 0.6704 2,01 4.36 7.77  11.28  0.5642 0.085)  0.0210  1.8310 91.09 91.81 !
90.0 45.4 58,32 50.02 0.7064 0.6655 1.3448 0.7269 1.80 4.70 5.62 8.29  0.5424 0.1287  0.0300 1.8273  56.00 87.13
100.0 39.4 51.69 50.17 7.6823 0.5351 1.4443 0.8830 1.12 3.28 2.19 5.3¢  0.4415 0.1091  0.0230 1.7680  56.38 87.42 !
11 0.0 38.7 62.80 58.03 0.6656 0.6205 1.4663 0.9147 0.98 3.02 1.56 4.77  0.4233 0.1212  0.0245  1.7357  84.36 35,52 :
120.0 38.9 03.98 59,37 0.645]1 0.6036 i.4dv4 0.9363 1.10 2.84 0.75 4.41  >.4idv 0.i55  0.0293  1.2024  «0.cv 31.68 !
13 0.0 39.7 6u.81 60.66 0.5857 0.6078 1.5064 0.9596 2.11 3.31 -1.50 6.15  0.4085 0.2397  0.0438  1.6482  70.J8 72.09
Aloinl, kylaend (lom/s-f1d) $ud. 77 (52.14) 10/70 Lol 1191
PU/PG INLET L. 7496 ngy INLET, percent 3u.8l
~p INLET, percunt yY.00 Tog/Tol 1.1951
Pud/Pul 1.749y nap {070R, percent [IX -3
1p RUTOR, percent 89.05
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ORIGINAL PACE ¥
OF POOR QUAHIT™

APPENDIX B
GEOMETRY SUMMARY

KEY TO TERMINOLOGY

LOCUS OF TRAILING EDGES

LOCUS OF POINTS WITH
RADIUS r, POLAR RADIUS R B&

AND AXIAL LOCATION 2 2>/

LOCUS OF LEADING EDGES

CAMBER EQUATIONS
¢= ﬁ 1 o_ﬁ'zn

g =B*-By+Eqg)

APEX OF CONICAL
DESIGN SURFACE

POLAR RADIUS R

BLADE MEAN CAMBER
LINE ON UNWRAPPED
CONICAL SURFACE

MERIDIONAL VIEW
OF BLADE SECTION

e =
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Geometry Summary

01 02
(1) (14)

2,702 0.9146
0.732. 0.9364
0.7607 9.9572
0.8149 0.9967
0.49352 1.9u4d9
0.9484 1.1259
1.0246 1.i543
1.1119 1.2245
1.196u 1.2924
1.2734 1,3549
1.3451 1.4124
1.4122 1.4608
1.4752 1.5130
1.5349 1.5682
1.5915 1.6160
1.6459 1,6623
1.7086 1.7158
1.7692 1.7631
1.8286 1.8179
1.8874 1.8675
1.9464 1.9177
1.9960 1.9627
2.0365 2.0042
2.0661 2.0472

Dy D2
(In) (Tn)
27,57  36.01

28,42 36.497
23.95 37,09
408 39.24

36.82 42,71
38.91 44,33
40.3 45.45
43,77  48.21
47.09  50.90
50.13  53.34
52.96  55.51
5§5.60  57.75
58.08  59.79
60.43 61.74
62.66  63.62
64.80  65.44
67.27  67.55
69.65 69.41
71.99  71.57
74.31  73.52
76.63  75.50
78.58 77,27
30.18  78.91
31.34  80.60

e o e 4 e s e e e e . « o o
MNPNO NOIECENOCCOC NN O

£
>

~NO Y B
NP OPOON —~VwWER
P Iy

- o .

ORNUNO DO NO CUWwPOREBNNGR BEe O

O DO~~~

—
o

Percent

c
(M)

0.2593
0.2610
v.2627
U.2060
0.2729
0.2759
0.2773
0.2819
0.2458
0.2495
0.2929
J.2%4
0.2999
0.3031
0.3063
0.3094
0.3133
0.3173
0.3211
0.3249
0.3290
0.3330
0.3361
0.3383

Percent

C
(1)

i9.217
10.277
10.344
10.474
i0.745
10.363
10.939
11.097
11.251
11.396
11.531
11.670
11.806
11.934
12.057
12.181
12.335
12.493
12,640
12,790
12,951
13.111
13.233
13.319

cf
(1)

0.051Y9
0.0547
0.0579
0.0637
0.0700
0.0817
J.0454
0.0944
J.1042
U.1113
0.1187
0.1254
0.1323
0.1386
0.1443
0.1499
0.1558
0.1616
0.1675
0.1732
0.1790
0.1835
0.1872
0.1890

J.§. CUSTOMARY

of
(IN)

Z2.J42
2.154
2.278
2.508
2.994
3.217
3.363
3.717
d.003
4.382
4.675
4,954
5.208
5.455
5.682
5.900
6.132
6.363
6.596
6.819
7.045
7.226
7.371
7.443

S.I. UNITS :

LER
(MM)

1.0348
1.0312
1.0247
1.0236
l.0a00
i.0084
1.00ud
0.9455
U.9570
0.9144
U.8030
0.8077
0.7544
0.7036
0.0604
0.6248
0.5867
0.5461
0.5359
0.5334
0.5334
0.5334
0.5334
0.5334

LER
(IN)

J. 0407
0.0406
J.0400
0.0403
0.0du0
0.0397
0.0434
0.0388
0.0377
0.0360
0.0340
0.0318
0.0297
0.0277
0.0260
0.0246
0.0231
0.0215
0.0211
0.0210
0.0210
0.0210
0.0210
0.0210

ORIGINA
OF poop

SHRQUDLESS FAN,

24 BLADES

TER
(M)

1.1938
1.1887
1.i611
1.0608
0.9441
0.9830
U /od
0.9423
V.97
0.8560
0.8052
0.7595
0.7103
0.6782
0.0426
0.6121
0.5417
0.5410
0.5105
0.4801
0.4572
0.4343
0.4140
0.4013

URITS

TER
(IN)

J.0+70
0.0468
V. 04us
0.0420
0.0349
0.0387
J. 0434
0.0371
J.0345
0.0337
0.0317
0.0299
0.0282
0.0267
0.0253
0.0241
0.0229
0.0213
0.0201
0.0189
0.0180
0.0171
0.0163
0.0158

METERS (M)

B1*
(RAD)

0.5330
0.6093
0.0440
0.6541
U.7100
0.7372
J.7303
0.7761
0.74u¢2
0.3133
0,429
0.4426
0.8528
0.8604
0.8990
0.8827
0.9055
0.9289
0.9597
1.0008
1.0502
1.0934
1.1224
1,1359

INCHES

B *
(DEJ)

33.0¢
34.91
3s5.98
37.71
dl.ug
42,24
43,00
44,47
45,62
46,60
47.50
48,28
48,80
49,30
49,79
5..58
51.88
53.22
54,99
57.34
60.17
62.65
64.31
65.08

[} *
(Ran)

-0.3907
-0.3436
-0.2719
-0.1273

0.1475
0.2270
u.2lue
0.3448
0.584v
0.4414
0.503y
0.5644
0.6215
0.6784
0.7271
0.7709
0.8167
0.8518
0.8914
0.9299
0.9708
1.0245
1.0786
1.1247

(IN) AND

B.,t

(bEG)

=22.39
-19.69
~l3.04

-1.29

7.44
13.01
15,435
19.76
22,94
25.29
28.87
32.34
35.61
38.87
41.66
44,17
46.79
48.81
51.07
53.23
55.62
58.70
61.4)
64.44

¢
(RaD)

0.9444
0.9139
U.8541
0.7266
U.5047
0.4406
0.4251
0.3679
U.3501
0.3223
V.2845
0.2424
0.2020
0.1590
0..248
0.1002
0.0835
0.0816
0.0705
0.0875
0.1059
0.1030
0.0795
0.0331

L Paci 1o
QUALITY

AND RADIANS (RAD)

P
(RhD)

0.13w
0.1350
0.1390
0.1315
0.1175
0.1103
0.1020
0.0795
J.ddis
0.02383
0.0120
-0.0042
-0.0143
-0.0313
~0.0337
-0.0282
-0.011
-0.0057
-0.0104
-0.0272
-0.0539
-0.0679
-0.0796
~0.1138

DECGREES (DEG)

¢
(bec)

34.13
52.36
43.44
41.63
29.15
25,25
23,21
21,00
20.45
18.47
16.19
13.89
11.57
9.11
7.15
5.74
4,79
4.67
4,38
5.02
6.07
5.90
4.54
1.90

¢ -
(bEc)

¢
{RAD )

0.423¢
0.4074
J-J:,‘sl
0,3634
0.30/7v
0.2802
J.é723
0.2414
J.2109
0.1812
0..9040
0.1270
0.4029
0.0803
0.0602
0.0408
0.0183
-0.0159
-0.0287
-0.0569
-0.0894
-0,1132
-0.1173
-0.0723

(DEG)

24.24
23.34
22.44
20.85
i7.64
16.40
15,04
13.84
12,08
10.38

8.77

7.28

5,90

4,63

3.45

2.34

1.05
-0.91
-1.65
-3.26
-5,12
-6.49
-6.75
-4.14

A/C

0. 2000
0.5069
0.9J74
0.5079
JeoUda
0.5047
[VREYOR
0.5251
Jewdd
0.5%022
U.o/uu
0.5922
0.0070
0.6250
0.ul76
0.6448
0.v432
0.6453
0.06599
0.6877
0.7157
0.7380
0.7655
0.8128

1/¢C
HAX

UV EY
0.04847
Jeduma
0.0428
0.0/u3
0.0783
u.u773
0.0743
0.07u6
0.0661
0.06lv
0.0572
0.0v31
0.0496
0.0453
0.0433
0.0402
0.0369
0.0342
0.0318
0.0295
0.0276
3.0262
0.0252

S e pt Bt et e s e bt e b s e e e a3 N RO P PO P

c

4010
.390:
oty
.2437
VST ™
+ 9940
eyl
.38433
™
Loyl
Sl
.5731
-XIR
.4925
4548
.4290
L3974
L3727
L3452
.3219
L3007
.2853
2710
.2560

LOC T.iAX

Percent C

9i.0d80
5i.4560
- PRI
51,8434
52,4 9du)
52.7221
52,4129
53.3771
54,7981
54,0583
54,1504
54,1782
54.1754
54,1519
54,0670
53.9441
53,7753
53.5344
53.2740
52.9402
52.5u40
52,2811
52,0534
51.9140
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Geometry Summary

PR = s >t et pt bt pe et o b st s b b = b e O C O OO O
e e o s s b v s e s v e s oe e s e v s s e e e .
&
—
[+
«

1]
i

27.68
28.80
30.01
32.70
35.34
37.81
49.47
44 .22
47.46
50.45
53.24
55.86
58.35
60.72
62.99
65.18
66.25
67.31
69.58
71.79
73.94
76.04
e 78.11
79.99
81.49

0.8470
0.8742
J.3994
0.9560
1.0102
1.0616
1.1179
1.1985
1.2690
1.3336
1.3930
1.43500
1.5034
1.5556
1.0063
1.6580
1.6804
1.7038
1.7549
1.8036
1.8511
1.8982
1.9455
1.9890
2.0235

'K
(IN)

33.35
34.42
35.41
37.64
39.77
41.30
44.01
47.19
43,96
52.51
54,40
57.09
59.20
61.25
63.24
65.28
66.16
67.08
69.09
71.0%
72.88
74,73
76.59
78.31
79.67

Percent
Span c
LE (1)
0.0 0.1755
2.2 0.1761
4,3 0.1764
9.3 0.1774
14,2 0.1784
13.8  0.1794
23.8  0.1806
30.7  0.1824
36,8 0.ldg4.
42.3  0.1802
47.5  0.188¢
52.4 0.1903
57.0  0.192%
6l.4 0.1350
65.6 0.1978
69.7 0.2003
71.7  0.2020
73.6  0.2035
77.9  0.2071
82.0 0.2109
86.0 0.2148
89,9 0.2187
93.7 0.2231
§7.2 0.2272
100.0  9.2303
Percent
Span C
TE (IN)
0.0 6.999
2.3 06.935
4.4 5,945
9.3 6.985
13.9 7.0e5
18,2  7.9061
23,9 7.111
29.9  7.132
35,9 7,283
41.4 7.330
46,5 7.410
51.3  7.491
55.8 7.579
60.2 7.677
64.5 7.786
68,9 7.885
70.8  7.954
72.8 8,013
77.2  3.154
81.3 8.304
85.3  3.455
89.4 8.511
93.4 4.784
97.1 8.944
1006.0  9.067

S.1. UNITS :

Cf LER TER
(M) {MM) (MM)
0.03310 .5461 0.4048
0.0352 0.5461 0.4648
0.0371 0.5461 0.404¢
0.0418 0.5461 0.4048
0.0464 0.540l 9.404y
0.0507 0.5461 0.4648
V.0353 J.5461 U.4ud8
0.06i9 0.5435 0.4043
0.0075 0.53u9 0.34221
0.0727 0Q.5156 0.4343
0.0775 0.0004 y.4.ve
0.0821 0.4953 0.4140
0.0804 J.4924 0.4115
0.0905 0.4923 0.4115
U.0945 0.4928 0.4ils
0.0983 0.4928 0.4115
0.1001 0.4928 0.4115
0.1020 0.4928 0.4115
0.1059 0.4923 0.4115
0.1097 0.4928 0.4115
0.1135 0.4928 0.4115
0.1171 0.4928 0.4115
0.1207 0.4928 0.4115
0.1240 0.4928 0.4115
0.1266 0.4923 0.4115

U.S. CUSTOMARY UNITS :
Cf LER TER

(IN) (IN) (IN)
1.303  0.0215 0.0183
1.384 U.0215 0.0183
1.402 U0y Y.0add
l.647 0.0215 0.0183
1.827 0,021 J.0idd
1.997 0.0215 0.0183
2.179  0.0dls 0.U183
2,436 0.0214 0.0183
2,698  0.0209 9.0.178
2.862 0.0203 0.0171
3.053  0.0197 0.0iud
3.233 0.0195 0.0163
3.423  0.0194 0.0162
3.564 0.01%4 0.0162
3.720  0.0194 0.0162
3.869 0.0194 0.0162
3.943 0.0194 0.0162
4.015 0.0194 0.0162
4.170 0.0194 9.0i62
4.320 0.0194 0.0162
4.467 0.0194 0.0162
4.611 0.0194 0.0162
4,753 0.0194 0.0162
4.881 0.0194 0.0162
1.936 0.0194 9.0162

'URIGINAL PAGE 1S
OF POOR QUALITY

SHROQUDED FAN, 36 BLADES

Bi*
(RAD)

0.5585
0.5856
0.6127
0.6737
0.7143
0.7463
0./048
0.7967
0.8i¢5
U. 8282
0.44s2
0.4673
U.88u7
0.9020
0.9174
0.9280
0.9354
0.9436
0.9709
0.9954
1.0195
1.0433
1.0664
1.0885
1.1085

INCHES

81*
(DEG)

32,00
33,55
35,11
34.60
41.45
42.76
44,11
45,065
45.5%
47.45
43,60
49,69
50.74
51.68
52.50
53.17
53.62
54,07
55.63
57.03
58.41
59,78
61.10
62.37
63.51

8a*

{RAD)

-0.4719
-0.4256
-0.3572
~0.1780
-0.uldy
0.0900
0.:3840
0.283¢2
0.3477
0.4014
U.454Y9
0.5200
J.202/
0.6456
0.6997
0.7535
0.7761
0.7992
0.8439
0.8953
0.9422
0.9859
1.0279
1.0611
1.0856

(IN) AND

8%
(DEg)

~27.000
-24.33
~20.40
-10.24
-1.44
5.16
iJ.5d
16.23
19.42
23.00
26.23
29.7Y
33.38
36.99
40,09
43,17
44,47
45,79
48.64
51.30
53.99
56.49
58.34
60.80
62.20

9
(Ran)

L0277
.9939
.945)
.8149
NERY]
6101
XT3
4702
Aoy
,3941
Jdull
. 3262
2811
L2467
132
L1729
.1uid
.1487
L1315
. 1160
.1001
. 0869
.0749
. 0680
.0684

(Sl oYeolalololoN ool e ol oRol o XS o N ol o ol o ¥ =N o N N = ¥ d

METERS (M) AND RADIANS (RAD)

[}
(RhD)

ccocococoo

1y
oo oOCcCoOOooC

0

-J.
-0.
-0.
-0.
-0.

1484
. 1544
,1584
Llo0d
» 1980
1414
1Y
.00do
JUduo
W0lle
WJuly
3158
JL0Y
L0277
U104
. 0826
.J0890
.0555
.0213
.0120
2074
0095
0079
0068
0080

DEGREES (DEG)

[
(BeG)

5d.88
56.95
54,19
4u.0Y
40.04
34.96
3u.89
20.94
24.44
22.58
2u.7o
18.69
16.49
14.14
12.22
9.91
8.25
8.52
7.54
6.65
5.73
4,98
4.29
3.90
3.92

8
<}
9
9
o
8
3
3
2
0
-0
-0
-1
-1
0
4
5
3
1
0
-0
-0
-0
-0
-0

fcr
(bt a)
.90
.85
w7
1y
U0
.10
Jdo
.70
.0y
.64
.11
.90
.54
.59
.30
.73
.10
.18
22
.69
.42
.54
45
.39
Ao

LN
[eleYoNaNol ool ol ol N ol o i i ol S o &N o oY o N ]

-0
-0
-0

2
2
2
2
1
i
i
1
1

i

-1
-1
-1

T
(RAD)

A2

.4143
4035
L3741
RLXY)
L3157
cedis
L2510
JLlow
. 1825
L1ddd
1ldn
WJuid
.0512
WJ23Y
.0083
J0u94
.0228
L0307
.0830
172
.1501
1795
2042
,2280

T
(DEw)

4.4
3.74
3.1
1.43
9.uY
4. 09
[Sg-1¥]
4.348
.41
J.46
8.50
6.56
4,09
2.93
1.37
0.50
0.54
1.30
2.90
4,75
u.72
3.60
0.28
1.70
3.06

A/C

,0041
.5044
5040
L5049
N
. 5087
L9480
.5394
-
L5727
LOUd
. 6084
“wlov
0370
SOL00
4695
4500
.5199
0154
.6531
L6755
.6901
L7074
L7294
NETE

COoOOOCOCOCOCLCOCOCcOCCoCcOCOCOOOCC

T/C
HAX

[VVEEN]
U. 04894
0.J845
0.074y
J.uvlu
0.00ly
J.uboy
U. 0508
O.udoy
0.0439
0.J414
0.0393
0.0382
0.0375
0.0385
0.0434
0.04490
0.0432
0.0378
0.0354
0.0334
0.0315
3.u244
0.0259
0.0218

e b e b e e e b = e bk v ke b RO R RO P N R

RNy
L5113
Asds
L2154
NPC RN
NVRPS)
NFEFD)
. 4003
AN
Jouls
Joldo
L5200
il
.4420
YR
L3852
Lslol
. 3665
L3475
L3320
L3194
. 3089
.3012
.2950
L2893

LOC THAX
Percent C

3,00
£2,199¢
52.09/u
52,0834y
ERINY N
53.084/
24,0074
54,7410
ER gt
55,7554
30,2077
56.033y
57.J349
57.4273
57.40ly
58.1349
58,3407
58.5090
58.4u14
59,2197
59,5912
59.9389
60,2833
60.59%4
6U.d495
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APPENDIX C ,,
FAN BLADE COORDINATES j
(under load at the aerodynamic design point)

KEY TO TERMINOLOGY
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!
AIRFOIL SECTION ON PLANE :
NORMAL TO RADIAL STACKING LINE

O—T—0 AREA OF SECTION
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R I AXIAL DIRECTION
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ORIGINAL PG
OF POOR QUALYY

(under load at the aerodynamic design point)

: METERS

- 7C Yp S

»

: 0.0 -0.0011 0.0014

| 0.0073 0,004 0.0100

3 0.0145  0.0097 0.0180

- 0.0218  0.0146 0.0253

® 0.0290  0.0192 0.0320

= 0.0363  0.0234 0.0381

B 0.0436  0.0273 0.0436

A 0.0508  0.0308 0.0484
0.0581  0.0340 0.0526
0.0653  0.0367 0.0563
0.0726  0.0392 0.0594
0.0799  0.0413 0.0620
0.0871  0.0430 0.0642
0.0944  0.0443 0.0658
0.1016  0.0453 0.0669
0.1089  0.0459 0.0676
0.1162  0.0462 0.0678
0.1234  0.0460 0.0674
0.1307  0.0455 0.0666
0.1379  0.0445 0.0652
0.1452  0.0432 0.0633
0.1525  0.0414 0.0609
0.1597  0.0392 0.0579
0.1670  0.0365 0.0543
0.1742  0.0335 0.0501
0.1815  0.0299 0.0452
0.1888  0.0259 0.0397
0.1960  0.0214 0.0336
0.2033  0.0164 0.0268
0.2105  0.0109 0.0193
0.2178  0.0050 0.0111
0.2251  -0.0015 0.0021

Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing edge radius, m (in.)

X-area, m2 (in,?2)
Gamma, deg. (rad.)

Appendix

C

Fan Blade Coordinates

e onounn NN N

Shroudless Fan
INCHES

ZC YP YS
0.0 -0.0433 0.0552
0.2858 0.1753 0.3945
0.5717 0.3824 0.7079
0.8575 0.5756 0.9956
1.1433 0.7553 1.72594
1.4291 0.9217 1.4996
1.7149 1.0745 1.7151
2.0008 1.2127 1.9045
2.2866 1.3366 2.0708
2.5724 1.4464 2.2151
2.8582 1.5423 2.3384
3.1440 1.6240 2.4418
3.4299 1.6916 2.5258
3.7157 1.7447 2.5901
4,0015 1.7835 2.6353
4,2873 1.8079 2.6612
4,5732 1.8171 2.6676
4.8590 1.8111 2.6545
5.1448 1.7896 2.6215
5.4306 1.7526 2.5678
5.7164 1.6995 2.4931
6.0023 1.6297 2.3968
6.2881 1.5429 2.2782
6.5739 1.4388 2.1366
6.8597 1.3172 1.9710
7.1456 1.1778 1.7806
7.4314 1.0194 1.5649
7.7172 0.8422 1.3233
8.0030 0.6458 1.0552
8.2888 0.4303 0.7595
8.5747 0.1959 0.4351
8.8605 -0.0588 0.0809

0.3498 (13.7713)

0.2251 (8.8605)

0.1104 (4.3450)

0.0455 (1.7910)

0.000996 (0.0392)

0.001311 (0.0516)

0.003619 (5.6092

-6.27 (-0.1094
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Fan Blade Coordinates (under load at the aerodynamic design point

)

Gamma, deg, (rad,)

METERS
ZC YP YS
0.0 -0.0011 0.0013
0.0073 0.0042 0.0095
0.0146 0.0092 0.0171
0.0220 0.0139 0.0241
0.0293 0.0182 0.0305
0.0366 0.0222 0.0363
0.0439 0.0259 0.0417
0.0512 0.0294 0.0465
0.0586 0.0325 0.0508
0.0659 0.0352 0.0545
0.0732 0.0377 Q.0577
0.0805 0.0398 0.0604
0.0878 0.0415 0.0627
0.0952 0.0430 0.0645
0.1025 0.0440 0.0658
0.1098 0.0448 0.0666
0.1171 0.0452 0.0670
0.1244 0.0451 0.0669
0.1318 0.0448 0.0663
0.1391 0.0440 0.0652
0.1464 0.0428 0.0635
0.1537 0.0412 0.0613
0.1610 0.0392 0.0585
0.1684 0.0367 0.0551
0.1757 0.0337 0.0511
0.1830 0.0303 0.0464
0.1903 0.0264 0.0410
0.1976 0.0219 0.0348
0.2050 0.0169 0.0279
0.2123 0.0114 0.0201
0.2196 0.0053 0.0115
0.2269 -0.0014 0.0019
Radius, m (in,)
- Chord, m (in,)
ZCSL, m (in.)
- YCSL, m (in,)
Leading edge radius, m (in,)
Trailing edge radius, m (in,)
X-area, m (1n.2)

LI O A R

INCHES
ZC YP YS

0.0 -0.0422 0.0529
0.2882 0.1653 0.3745
0.5764 0.3625 0.6729
0.8646 0.5463 0.9473
1.1528 0.7171 1.1996
1.4410 0.8752 1.4310
1.7291 1.0216 1.6425
2.0173 1.1563 1.8314
2.3055 1.2782 1.9987
2.5937 1.3869 2.1450
2.8819 1.4828 2.2715
3.1701 1.5656 2.3790
3.4583 1.6353 2.4678
3.7465 1.6915 2.5382
4.0346 1.7341 2.5903
4.3228 1.7629 2.6238
4.6110 1.7776 2.6386
4.8992 1.7774 2.6342
5.1874 1.7622 2.6103
5.4756 1.7317 2.5662
5.7638 1.6853 2.5010
6.0520 1.6223 2.4139
6.3402 1.5421 2.3041
6.6284 1.4440 2.1704
6.9165 1.3277 2.0113
7.2347 1.1927 1.8257
7.4929 1.0375 1.6123
7.7811 0.8619 1.3696
8.0693 0.6652 1.0968
8.3575 0.4471 0.7915
8.6457 0.2073 N.4518
8.9339 -0.0558 0.0760

0.3693 (14.5402)

0.2269 (8.9339)

0.1136 (4.4717)

0.0444 (1,7493)

0.000991 (0.0390)

0.001219 (0.0480)

0.003680

=2.76




Fan Blade Coordinates (under load at the aerodynamic design point)

METERS

ZC YpP YS

0.0 -0.0010 0.0013
0.0074 0.0039 0.0090
0.0148 0.0086 0.0162
0.0222 0.0131 0.0229
0.0295 0.0173 0.0291
0.0369 0.0212 0.0349
0.0443 0.0249 0.0403
0.0517 0.0283 0.0451
0.0591 0.0313 0.0493
0.0665 0.0340 0.0530
0.0738 0.0364 0.0562
0.0812 0.0385 0.0590
0.0886 0.0402 0.0613
0.0960 0.0417 0.0631
0.1034 0.0428 0.0646
0.1108 0.0436 0.0655
0.1181 0.0441 0.0661
0.1255 0.0442 0.0661
0.1329 0.0439 0.0657
0.1403 0.0433 0.0648
0.1477 0.0422 0.0633
0.1551 0.0408 0.0613
0.1624 0.0389 0.0587
0.1698 0.0365 0.0555
0.1772 0.0337 0.0516
0.1846 0.0304 0.0471
0.1920 0.0265 0.0418
0.1994 0.0222 0.0356
0.2067 0.0172 0.0287
0.2141 0.0116 0.0208
0.2215 0.0055 0.0118
0.2289 -0.0014 0.0018

Radius, m (in.)
Chord, m (in.)
2CSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing edge radius, m (in.)

X-area, m¢ (in.¢)
Gamma, deg. (rad.)

INCHES
ZC YP YS

0.0 -0.0412 0.0506
0.2907 0.1532 0.3525
0.5814 0.3395 0.6364
0.8721 0.5154 0.9005
1.1628 0.6807 1.1460
1.4534 0.8360 1.3745
1.7441 0.9810 1.5857
2.0348 1.1139 1.7747
2.3255 1.2335 1.9416
2.6162 1.3398 2.0872
2.9069 1.4329 2.2133
3.1976 1.5139 2.3211
3.4882 1.5838 2.4123
3.7789 1.6412 2.4862
4.0696 1.6856 2.5422
4,3603 1.7170 2.5807
4.6510 1.7350 2.6011
4,9417 1.7389 2.6031
5.2324 1.7283 2.5862
5.5231 1.7028 2.5495
5.8137 1.6617 2.4921
6.1044 1.6043 2.4130
6.3951 1.5299 2.3111
6.6858 1.4374 2.1850
6.9765 1.3264 2.0329
7.2672 1.1962 1.8531
7.5579 1.0450 1.6437
7.8485 0.8722 1.4026
8.1392 0.6769 1.1231
8.4299 0.4583 0.8169
8.7206 0.2155 0.4659
9.0113 -0.0534 0.0721

0.3860 5.1969)

0.2289 9,0113)

0.1163 4,5803)

0.0433 1.7064)

0.000986 0.0388)

0.001151 0.0453)

0.003729 5.7796)

0.33 0.0057)



Fan Blade Coordinates (under load at the aerodynamic design point)

METERS
ZC YP YS
0.0 -0.0010 0.0012
0.0075 0.0036 0.0084
0.0149 0.0080 0.0151
0.0224 0.0122 0.0215
0.0299 0.0161 0.0274
0.0373 0.0198 0.0329
0.0448 0.0233 0.0381
0.0522 0.0266 0.0429
0.0597 0.0296 0.0472
0.0672 0.0323 0.0510
0.0746 0.0348 0.0543
0.0821 0.0369 0.0572
0.0896 0.0388 0.0596
0.0970 0.0402 0.0616
0.1045 0.0414 0.0631
0.1120 0.0422 0.0642
0.1194 0.0427 0.0648
0.1269 0.0429 0.0650
0.1344 0.0427 0.0647
0.1418 0.0422 0.0639
0.1493 0.0413 0.0626
0.1567 0.0400 0.0608
0.1642 0.0382 0.0584
0.1717 0.0360 0.0555
0.1791 0.0334 0.0518
0.1866 0.0302 0.0474
0.1941 0.0265 0.0423
0.2015 0.0222 0.0362
0.2090 0.0174 0.0293
0.2165 0.0119 0.0213
0.2239 0.0057 0.0122
0.2314 -0.0013 0.0017
Radius, m (in.)
Chord, m (in.)
2CSL, m (in.)
YCSL, m (in.)

Lead1ng edge radius, m (in.)

Trailing Sdge rgd1us, m (in.)

X-area, m
Gamma, deg.

rad )

nann o nan

INCHES
ZC Yp YS

0.0 -0.0402 0.0485
0.2939 0.1405 0.3300
0.5877 0.3141 0.5959
0.8816 0.4786 0.8452
1.1755 0.6340 1.0785
1.4693 0.7805 1.2971
1.7632 0.9181 1.5017
2.0571 1,0464 1.6890
2.3509 1.1649 1.8577
2.6448 1.2723 2.0071
2.9387 1.3686 2.1385
3.2325 1.4532 2.2519
3.5264 1.5257 2.3478
3.8202 1.5844 2.4250
4.1141 1.6299 2.4843
4.4080 1.6623 2.5260
4.7018 1.6818 2.5500
4,9957 1.6889 2.5571
5.2896 1.6823 2.5461
5.5834 1.6613 2.5161
5.8773 1.6252 2.4661
6.1712 1.5735 2.3948
6.4650 1.5049 2.3011
6.7589 1.4187 2.1832
7.0528 1.3138 2.0392
7.3466 1.1893 1.8668
7.6405 1.0436 1.6636
7.9344 0.8754 1.4267
8.2282 0.6835 1.1535
8.5221 0.4666 0.8395
8.8160 0.2231 0.4800
9.1098 -0.0505 0.0680

0.4020 (15.8650)

0.2314 (9.1098)

0.1192 (4.6924)

0.0420 (1.6533)

0.000986 (0.0388)

0.0019379 (0.0425)

0.003771 (5.8453

3.49 (0.0609

Sofo 1B BTN A PIVED
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES “
C Yp YS 2C YP YS “
0.0 -0.5010 0.0012 0.0 -0.0397 0.0471 ?
0.0075 0.0034 0.0080 0.2969 0.1319 0.3151
0.0151 0.0076 0.0145 0.5937 0.2975 N0.5694
0.0226 0.0116 0.0205 0.8906 0.4554 0.8091
0.0302 0.0154 0.0263 1.1875 0.6046 1.0335
0.0377 0.0189 0.0316 1.4843 0.7431 1.2424
0.0452 0.0222 0.0365 1.7812 0.8731 1.4388
0.0528 0.0253 0.0412 2.0781 0.9948 1.6204
0.0603 0.0281 0.0454 2.3749 1.1079 1.7858
0.0679 0.0308 0.0491 2.6718 1.2117 1.9342 |
0.0754 0.0332 0.0525 2.9687 1.3059 2.0657 y
0.0829 0.0353 0.0554 3.2655 1.3900 2.1804 j
0.0905 0.0372 0.0579 3.5674 1.4633 2.2787 '
0.0980 0.0387 0.0599 3.8593 1.5251 2.3601
0.1056 0.0400 0.0616 4,1561 1.5746 2.4247
0.1131 0.0409 0.0628 4,4530 1.6117 2.4721 4
0.1206 0.0415 0.0635 4,7499 1.6353 2.5020
0.1282 0.0418 0.0638 5.0467 1.6448 2.5135
0.1357 0.0417 0.0637 5.3436 1.6403 2.5063
0.1433 0.0412 0.0630 5.6405 1.6216 2.480?
0.1508 0.0404 0.0618 5.9373 1.5891 2.4350
0.1583 0.0391 0.0602 6.2342 1.5412 2.3696 ‘
0.1659 0.0375 0.0580 6.5311 1.4770 2.2819 '
0.1734 0.0354 0.0551 6.8279 1.3955 2.1703
0.1810 0.0329 0.0516 7.1248 1.2955 2.0328
0.1885 0.0299 0.0474 7.4217 1.1758 1.8669
0.1961 0.0263 0.0424 7.7185 1.0349 1.6696
0.2036 0.0221 0.0365 8.0154 0.8711 1.4375
0.2111 0.0173 0.0296 8.3123 0.6829 1.1670
0.2187 0.0119 0.0217 8.6091 0.4686 0.8528
0.2262 0.0057 0.0124 8.9060 0.2258 0.4886 }
0.2338 -0.0012 0.0017 9.2029 -0.0490 0.0656 f
Radius, m (in.) = 0.4165 (16.3994) ?
Chord, m (in.) = (0.2338 (9.2029) '
ZCSL, m (in.) = 0,1215 (4.7834)
YCSL, m (in.) = 0.0408 (1.6075)
Leading edge radius, m (in.) =  0.000983 (0.0387)
Trailing Sdge rgdius, m (in.) = 0.001046 (0.0412)
X-area, m¢ (in,%) = 0.003802 55.8927
Gamma, deg. (rad.) = 6.10 0.1064
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES '
ZC Yp YS ZC YP YS !
0.0 -0.0010 0.0012 0.0 -0.0392 0.0459
0.0076 0.0031 0.0076 0.3000 0.1211 0.2990 !
0.0152 0.0070 0.0137 0.5999 0.2760 0.5398 ‘
0.0229 0.0108 0.019% 0.8999 0.4236 0.7672
0.0305 0.0143 0.0249 1.1998 0.5641 0.9817
0.0381 0.0177 0.0301 1.4998 0.6972 1.1838
0.0457 0.0209 0.0349 1.7%97 0.8230 1.3746
0.0533 0.0239 0.3394 2.0997 0.9414 1.5528
0.0610 0.0267 0.0436 2.3996 1.0520 1.7171
0.0686 0.0293 0.0473 2.6996 1.1520 1.8636
0.0762 0.0316 0.0506 2.9995 1.2429 1.9934
0.0838 0.0337 0.0535 3.2995 1.3248 2.1075 :
0.0914 0.0355 0.0560 3.5994 1.3972 2.2063 .
0.0990 0.0371 0.0582 3.8994 1.4594 2.2894
0.1067 0.0384 0.0599 4,1993 1.5109 2.3569
0.1143 0.0394 0.0612 4,4993 1.5509 2.4080
0.1219 0.0401 0.0620 4,7992 1.5786 2.4425 i
0.1295 0.0405 0.0625 5.0992 1.5931 2.4597
0.1371 0.0405 0.0624 5.3992 1.5936 2.4586
0.1448 0.0401 0.0619 5.6991 1.5790 2.4383
0.1524 0.0393 0.0609 5.9991 1.5482 2.3974
0.1600 0.0382 0.0593 6.2990 1.5022 2.3346
0.1676 0.0366 0.0572 6.5990 1.4407 2.2506 .
0.1752 0.0346 0.0545 6.89°¢ 1.3638 2.1440
0.1829 0.0323 0.0512 7.1¢ 1.2698 2.0140
0.1905 0.0293 0.0471 7.49¢: 1.1549 1.8546
0.1981 0.0259 0.0422 7.7988 1.0188 1.6633
0.2057 0.0218 0.0365 8.0987 0.8599 1.4367
0.2133 0.0172 0.0297 8.3987 0.6761 1.1704
0.2209 0.0118 0.0218 8.6986 0.4654 0.8583
0.2286 0.0057 0.0125 8.998€ 0.2252 0.4927
0.2362 -0.0012 0.0016 9.2985 -0.0480 0.0642 :
Radius, m (in.) = 0,4286 {16.8753) )
Chord, m (in.) = 0,2362 (9.2986)
ZCSL, m (in.) = 0,1235 (4.8641)
YCSL, m (in.) = 0.0396 (1,5588)
Leading edge radius, m (in.) =  0,000988 (0.0389)
Trailing gdge rgdius, m (in.) = 0.001031 (0.0406)
X-area, m= (in.¢) = 0.003828 €5.9341;
Gamma, deg. (rad.) = 8,39 0.1465

75




"!
L1

|
|
“1

Fan Blade Coordjinates (under load at the aeredynamic design point)

METERS INCHES .
ZC YpP YS ZC YP YS
0.0 -0.0010 0.0011 0.0 -0.0381 0.0434 7
0.0078 0.0025 0.0067 0.3087 0.0977 0.2653
0.0157 (0.0058 0.0121 0.6175 0.2291 0.4777
0.0235 0.0090 0.0172 0.9263 0.3545 0.6790 ;
0.0314 0.0120 0.0221 1.2350 0.4739 0.8696 .
0.039?2 0.0149 0.0267 1.5438 0.5872 1.0497 )
0.0471 0.0176 0.0310 1.8525 0.6943 1.2198 ‘
0.0549 0.0202 0.0350 2.1613 0.7950 1.3797 ‘
0.0627 0.0226 0.0389 2.4700 0.8892 1.5295
0.0706 0.0248 0.0423 2.7788 0.9770 1.6669 |
Y 0.0784 0.0269 0.0455 3.0875 1.0584 1.7904 i
- 0.0863 0.0288 0.0483 3.3963 1.1334 1.9007 f
)" 0.0941 0.0305 0.0507 3.7050 1.2014 1.9975
s 0.1020 0.0321 0.0529 4,0138 1.2620 2.0810
0.1098 0.0334 0.0546 4,3225 1.3147 2.1510
0.1176 0.0345 0.0561 4,6313 1.3591 2.2072
0.1255 0.0354 0.0571 4.9401 1.3945 2.2496
0.1333 0.0361 0.0578 5.2488 1.4203 2.2774
0.1412 0.0365 0.058?2 5.5576 1.4357 2.2901
0.1490 0.0365 0.0581 5.8663 1.4368 2.2870
0.1568 0.0362 0.0575 6.1751 1.4241 2.2637
0.1647 0.0355 0.0564 6.4838 1.3971 2.2211 '
0.1725 0.0344 0.0548 6.7926 1.3543 2.1577
0.1804 0.0329 0.0526 7.1013 1.2938 2.0710
0.1882 0.0308 0.0497 7.4101 1.2134 1.9584
0.1961 0.0282 0.0461 7.7188 1.1103 1,8158
0.2039 0.0250 0.0416 8.0276 0.9833 1.6383
0.2117 0.0211 0.0361 8.3363 0.8295 1.4223
0.2196 0.0164 0.0294 8.6451 0.6439 1.1580
2 0.2274 0.0110 0.0214 8.9538 0.4346 0.8416
- 0.2353 0.0052 0.0122 9.2626 0.2045 0.4795 ;
:%' 0.2431 -0.0012 0.0016 9.5714 ~-0.0470 0.0622 i
. Radius, m (in,) = 0,4572 (18.0016)
Chord, m (in.) = 0.2431 (9.5714)
. ZCSL, m (in.) = 00,1282 (5.0467)
. YCSL, m (in.) = 0,0360 (1.4166)
2 Leading edge radius, m {in.) = 0.000996 (0.0392)
- Trailing edge radius, m (in.) = 0.001067 (0.0420)
| X-area, m? (in,2) = 0.003889 (6.0?.78;
Gamma, deg. (rad.) = 13.65 (0.2383
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ﬂ; Fan Blade Ccordinates (under load at the aerodynamic design point)

3

n

i METERS

} ZC YP Y3

i 0.0 -0.0009 0.0011

; 0.0081  0.0020 0.0061

- 0.0161  0.0049 0.0109

b 0.0242  0.0076 0.0155

i 0.0322  0.0102 0.0198

» 0.0403  0.0126 0.0239
0.0483  0.0149 0.0278
0.0564  0.0170 0.0314
0.0644  0.0191 0.0349
0.0725  0,0209 0.0380
0.0806  0.0227 0.0409
0.0886  0.0243 0.0434
0.0967  0.0257 0.0457
0.1047  0.0270 0.0476
0.1128  0.0281 0.0492
0.1208  0.0291 0.0505
0.1289  0.0299 0.0515
0.1369  0.0304 0.0521
0.1450  0.0308 0.0524
0.1530  0.0309 0.0523
0.1611  0.0308 0.0519
0.1692  0.0304 0.0510
0.1772  0.0296 0.0497
0.1853  0.0286 0.0478
0.1933  0.0271 0.0455
0.2014  0.0253 0.0425

5 0.2094  0.0228 0.0388

E 0.2175  0.0197 0.0342

i 0.2255  0.0160 0.0285

: 0.2336  0.0113 0.0214

3 0.2417  0.0057 0.0127
0.2497  -0.0012 0.0016

E. Radius, m (in,)
N Chord, m (in.)
o ZCSL, m (in.)

p YCSL, m (in.)

X-area, mé (in.¢)
Gamma, deg. (rad.)

D R T T W T N o S T AN ST P

_ Leading edge radius, m (in.)
P Trailing edge radius, m (in,)

INCHES

ZC YP YS
0.0 -0.0374 0.0417
0.3171 0.0791 0.2401
0.6343 0.1914 0.4303
0.9514 0.2983 0.6105
1.2685 0.3997 0.7812
1.5857 0.4955 0.9424
1.9028 0.5858 1.0944
2.2199 0.6708 1.2379
2.5370 0.7502 1.3730
2.8542 0.8238 1.4974
3.1713 0.8920 1.6101
3.4884 0.9547 1.7105
3.8056 1.0118 1.7984
4.1227 1.0628 1.8742
4,4398 1.1073 1.9376
4.7570 1.1450 1.9884
5.0741 1.1753 2.0266
5.3912 1.1978 2.0515
5.7084 1.2117 2.0628
6.0255 1.2165 2.0597
6.3426 1.2113 2.0414
6.6597 1.1951 2.0069
6.9769 1.1668 1.9548
7.2940 1.1252 1.8833
7.6111 1.0687 1.7905
7.9283 0.9954 1.6734
8.2454 0.8989 1.5285
8.5625 0.7774 1.3457
8.8797 0.6280 1.1204
9.1968 0.4455 0.8431
9.5139 0.2225 0.4982
9.8310 -0.0487 0.0631

0.4787 (18.8463)

0.2497 (9.8310)

0.1316 (5.1798)

0.0315 (1.2414)

0.000998 (0.0393)

0.001067 (0.0420)

0.003916 56.0694;

17.91 0.3125
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Fan Blade Coordinates (under load at the aerodynamic design point)

!
!
E ' METERS INCHES
‘I.
I
i

.C YP YS ZC YP YS
0.0 ~0.0009 0.0010 0.0 -0.0365 0.0399 [
P 0.0083 0.0014 0.0053 0.3271 0.0555 0.2092
€ 0.0166 0.0037 0.0095 0.6542 0.1442 0.3724
L 0.0249 0.0058 0.0134 0.9812 0.2287 0.5272
T 0.0332 0.0078 0.0171 1.3083 0.3087 0.6740
- 0.0415 0.0098 0.0206 1.6354 0.3842 0.8127 '
0.0498 0.0115 0.0240 1.9624 0.4544" 0.9430
0.0582 0.0132 0.0270 2.2895 0.5191 1.0648
0.0665 0.0147 0.0299 2.6166 0.5784 1.1789
0.0748 0.0161 0.0326 2.9437 0.6321 1.2842 |
0.0831 0.0173 0.0350 3.2707 0.6810 1.3795 !
0.0914 0.0184 0.0372 3.5978 J.7253 1.4640
0.0997 0.0194 0.0390 3.9249 0.7650 1.5371
0.1080 0.0203 0.0406 4,2519 0.7999 1.59990
0.1163 0.0211 0.0419 4,5790 0.8297 1.6497
0.1:46 0.0217 0.0429 4,9061 0.8541 1.6890
0.1329 0.0222 0.0436 5.2332 N0.8728 1.7168
0.1412 0.0225 0.0440 5.5602 0.8856 1.7326
0.1495 0.0227 0.0441 5.8873 0.8919 1.7363
0.1578 0.0226 0.0439 6.2144 0.8912 1.7273
0.1662 0.0224 0.0433 6.5414 0.8828 1.7048
0.1745 0.0220 0.0424 6.8635 0.8661 1.6682
0.1828 0.0213 0.0411 7.1956 0.8403 1.6164
0.71011 0.0204 0.0393 7.5227 0.8045 1.5482
0.1994 0.0192 0.0371 7.8497 0.7577 1.4617
i 0.2077 0.0177 0.0344 8.1768 0.6984 1.3552
fl 0.2160 0.0159 0.0311 8.5039 0.6252 1.2257
= 0.2243 0.0136 0.0272 8.8310 0.5358 1.0698
y 0.2326 0.0109 0.0224 9.1580 0.4281 0.8827
x 0.2409 0.0076 0.0167 9.4851 0.2987 0.6576
- 0.2492 0.0036 0.0098 9.8122 0.1436 0.3851
0.2575 -0.0011 0.0013 10.1392 -0.0419 0.0518
B Radius, m (in,) = 0.5039 (19.8380)
o Chord, m (in.) = 0,2575 (10.1393)
. ZCSL, m (in.) = 0.1354 (5.3318)
o YCSL, m (in.) = 0.0248 (0.9749)
. Leading edge radius, m (in.) =  0.000998 (0.0393)
! Trailing gdge rgdius, m (in.) = 0.001069 (0.0421)
- X-area, m¢ (in,¢) = 0.003926 §6.0854;
3 Gamma, deg. (rad.) = 23.28... 0.4063
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS
ZC YP YS
0.0 -0.0009 0.0010
0.0085 0.0009 0.0047
0.0170 0.0027 0.0083
0.0255 0.0043 0.0117
0.0340 0.0059 0.0149
0.0425 0.0073 0.0180
0.0510 0.0087 0.0208
0.0595 0.0099 0.0235
0.0680 0.0111 0.0260
0.0765 0.0121 0.0283
0.0850 0.0130 0.0305
0.0935 0.0139 0.0323
0.1020 0.0146 0.0340
0.1105 0.0152 0.0353
0.1190 0.0158 0.0364
0.1275 0.0162 0.0372
0.1360 0.0165 0.0377
0.1445 0.0167 0.0380
0.1530 0.0167 0.0380
0.1615 0.0166 0.0376
0.1700 0.0164 0.0370
0.1786 0.0160 0.0361
0.1871 0.0154 0.0348
0.1956 0.0146 0.0331
0.2041 0.0137 0.0311
0.2126 0.0125 0.0287
0.2211 0.0111 0.0257
0.2296 0.0094 0.0223
0.2381 0.0074 0.0182
0.2466 0.0050 0.0134
0.2551 0.0023 0.0078
0.2636 -0.0010 0.0011
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing
X-area, m

sdgg rgdius,_m (in.)
(in.<)
Gamma, deg. (rad.)

nnwounn w N NN

s PV I VS PRI, WORE -~ T .. /3 B PRSP . T P e s

INCHES .
7C YP Ys
0.0 -0.0359 0.0386
0.3347 0.0359 0.1852
0.6695 0.1047 0.3265
1.0042 0.1698 0.4605
1.3390 0.2312 0.5875
1.6737 0.2886 0.7073
2.0084 0.3419 0.8199
2.3432 0.3909 0.9254
2.6779 0.4353 1.0239
3.0127 0.4760 1.1152
3.3474 0.5129 1.1990
3.6821 0.5457 1.2733
4.0169 0.5747 1.3368
4.3516 0.5998 1.3898
4.6864 0.6207 1.4324
5.0211 0.6374 1.4643
5.3558 0.6493 1.4857
5.6906 0.6561 1.4959
6.0253 0.6578 1.4948
6.3601 0.6540 1.4822
6.6948 0.6445 1.4574
7.0295 0.6287 1.4202
7.3643 0.6062 1.3698
7.6990 0.5765 1.3051
8.0338 0.5389 1.2251
8.3685 0.4926 1.1284
8.7032 0.4367 1.0132
9.0380 0.3699 0.8771
9.3727 0.2909 0.7173
9.7075 0.1979 0.5295
10.0422 0.0889 0.3080
10.3770  -0.0384 0.0451
0.5276 (20.7702)
0.2636 (10.3769)
0.1381 (5.4352)
0.0197 (0.7742)
0.000993 (0.0391)
0.001067 (0.0420)
0.003932 56.0951;
27.24 0.4755
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Fan Blade Coordinates (under load at the aerodynamic design point) 1

METERS INCHES
ZC YP YS ZC YP YS
J.0 -0.0009 0.0010 0.0 ~0.0355 N.0378 ;
0.0086 0.0007 0.0044 0.3397 0.0262 0.1730 :
0.0173 0.0022 0.0077 0.6793 0.0852 0.3031
0.0259 0.0036 0.0108 1.0190 0.1410 0.4266
0.0345 0.0049 0.0138 1.3586 0.1935 0.5438
0.0431 0.0062 0.0166 1.6983 0.2426 0.6544 p
0.0518 0.0073 0.0193 2.0380 0.2879 0.7583 1
0.0604 0.0084 0.0217 2.3776 0.3295 0.8557
0.0690 0.0093 0.0240 2.7173 0.3671 0.9465
0.0776 0.0102 0.0262 3.0569 0.4004 1.0305 .
0.0863 0.0109 0.0281 3.3966 0.4296 1.1076 L
0.0949 0.0116 0.0299 3.7363 0.4549 1.1753
0.1035 0.0121 0.0313 4.0759 0.4765 1.2326 f
0.1122 0.0126 0.0325 4.4156 0.4945 1.2796
0.1208 0.0129 0.0334 4,7552 0.5089 1.3166
0.1294 0.0132 0.0341 5.0949 0.5198 1.3434
0.1380 0.0134 0.0345 5.4346 0.5272 1.3601
0.1467 0.0135 0.0347 5.7742 0.5310 1.3665
0.1553 0.0135 0.0346 6.1139 0.5305 1.3626
0.1639 0.0134 0.0342 6.4535 0.5256 1.348?
0.172% 0.0131 0.0336 6.7932 0.5160 1.3225
0.1812 0.0127 0.0326 7.1329 0.5013 1.2851
0.1898 0.0122 0.0314 7.4725 0.4811 1.2357 '
0.1984 0.0116 0.0298 7.8122 0.4551 1.1733
0.2071 0.0107 0.0279 8.1518 0.4227 1.0971
0.2157 0.0097 0.0256 8.4915 0.3837 1.0061
0.2243 0.0086 0.0228 8.8312 0.3372 0.8991
0.2329 0.0072 0.0197 9.1708 0.2826 0.7743
0.2416 0.0056 0.0160 9.5105 0.2191 0.6295
0.2502 0.0037 0.0117 9.8501 .1455 0.4619
0.2588 0.0015 0.0068 10.1898 0.0606 0.2677
0.2674  -0.0009 0.0011 10.5295 -0.0358 0.0421 ,
Radius, m (in.) = 0,5438 (21.4090) ?
Chord, m (in.) = 0.2674 (10.5295) i
ZCSL, m (in.) = 0.1397 (5.4981)
YCSL, m (in.) = 0.0169 0.6644)
Leading edge radius, m (in.) =  0.000988 (0.0389)
Trailing Sdge rgdius, m (in,) = 0.001057 (0.0416)
X-area, m¢ (in,%) = 0.003936 (6.1012)
Gamna, deg. (rad.) = 29,52 (0.5153)
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS

ZC YP YS
0.0 -0.0009 0.0009
0.0088 0.0004 0.0041
0.0175 0.0016 0.0071
0.0263 0.0028 0.0099
0.0351 0.0039 0.0126
0.0438 0.0049 0.0152
0.0526 0.0059 0.0176
0.0613 0.0068 0.0199
0.0701 0.0076 0.0220
0.0789 0.0083 0.0240
0.0876 0.0089 0.0258
0.0964 0.0094 0.0274
0.1052 0.0098 0.0288
0.1139 0.0102 0.0298
0.1227 0.0104 0.0307
0.1315 0.0106 0.0313
0.1402 0.0106 0.0316
0.1490 0.0106 0.0317
0.1578 0.0105 0.0315
0.1665 0.0103 0.0310
0.1753 0.0100 0.0303
0.1840 0.0096 0.0293
0.1928 0.0092 0.0281
0.2016 0.0086 0.0265
0.2103 0.0079 0.0247
0.2191 0.0071 0.0225
0.2279 0.0062 0.0200
0.2366 0.0051 0.0172
0.2454 0.0039 0.0139
0.2542 0.0025 0.01C1
0.2629 0.0009 0.0059
0.2717  -0.0009 0.0010
Radius, m (in.)

Chord, m (in.)
2CSL, m (in.)
YCSL, m (in.)
Leading edge radius, m (in.)

Trailing Sdge rgdius, m (in.)
X-area, m¢ (in.%)
Gamma, deg. (rad.)

Bl mislisE cda k.

1. .

E-

INCHES
ZC YP YS

0.0 -0.0349 0.0368
0.3450 0.0161 0.1600
0.6901 0.0649 0.2784
1.0351 0.1110 0.3910
1,3802 0.1543 0.4977
1.7252 0.1946 0.5986
2.0703 0.2318 0.6933
2.4153 0.2666 0.7828
2.7604 0.2979 0.8664
3.1054 0.3257 0.9439
3.4505 0.3498 1.0157
3.7955 0.3703 1.0788
4.1406 0.3870 1.1321
4.4856 0.4002 1.1751
4.8307 0.4098 1.2081
5.1757 0.4160 1.2310
5.5208 0.4187 1.2438
5.8658 0.4180 1.2465
6.2109 0.4137 1.2391
6.5559 0.4060 1.2214
6.9010 0.3946 1.1934
7.2460 0.3797 1.1546
7.5911 0.3610 1.1051
7.9361 0.3384 1.0442
8.2811 0.3119 0.9716
8.6262 0.2814 0.8868
8.9712 0.2450 0.7892
9.3163 0.2024 0.6772
9.6614 0.1537 0.5474
10.0064 0.0983 0.3995
10.3514 0.0354 0.2312
10.6965 -0.0355 0.0398

= (.5635 (22.1860)

= 0.2717 (10.6965)

= 0.1415 (5.5715)

= 0.0142 (0.5571)

= 0.000973 (0.0383)

= 0.001041 (0.0410)

= 0.003929 (6.0898g

= 31.87 (0.5562
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES .

C YP YS C YP YS
0.0 ~-0,0009 0.0009 0.0 -0.0342 0.0360
0.0089 0.0003 0.0038 0.3496 0.0100 0.1513
0.0178 0.0013 0.0067 0.6992 0.0525 0.2621
0.0266 0.0024 0.0093 1.0488 0.0931 0.3679
0.0355 0.0033 0.0119 1.3984 0.1314 0.4685
0.0444 0.0043 0.0143 1.7480 0.1673 0.5639
0.0533 0.0051 0.0166 2.0976 0.2009 0.6540
0.0622 0.0059 0.0188 2.4472 0.2316 0.7386
0.0710 0.0066 0.0208 2.7968 0.2595 N0.8178
0.0799 0.0072 0.0226 3.1464 0.2845 0.8914
0.0888 0.0078 0.0244 3.4960 0.3063 N.9601
0.0977 0.0082 0.0259 3.8456 0.3248 1.0211
0.1066 0.0086 0.0273 4,1952 0.3394 1.0730
0.1154 0.0089 0.0283 4,5448 0.3502 1.1145
0.1243 0.0091 0.0291 4.8944 0.3573 1.1455
0.1332 0.0092 0.0296 5.2439 0.3608 1.1662
0.1421 0.0092 0.0299 5.5935 0.3613 1.1769
0.1510 0.0091 0.0299 5.9431 0.3590 1.1775
0.1598 0.0090 0.0297 6.2927 0.3533 1.1687
0.1687 0.0087 0.0292 6.6423 0.3443 1.1501
0.1776 0.0084 0.0285 6.9919 N0.3319 1.1212
0.1865 0.0080 0.0275 7.3415 0.3162 1.0820
0.1954 0.0075 0.0262 7.6911 0.2972 1.0322
0.2042 0.00790 0.0247 8.0407 0.2749 0.9715
0.2131 0.0063 0.0229 8.3903 0.2491 0.8997
0.2220 0.0056 0.0207 8.7399 0.2199 0.8163
0.2309 0.0048 0.0183 9.0895 0.1870 0.7209
0.2398 0.0038 0.0156 9.4391 0.1506 0.6128
0.2486 0.0028 0.0125 9.7887 0.1104 0.4913
0.2575 0.0017 0.0090 10,1383 0.0663 0.3555
0.2664 0.0005 0.0052 10.4879 0.0181 0.2045
0.2753  -0.0009 0.0010 10.8375 -0.0340 0.0375
Radius, m (in,) = 0.5833 (22.9635)

Chord, m (in.) = 0.2753 (10.8375)

ZCSL, m {in.) = 0,1432 (5.6372)

YCSL, m (in,) = 0.0125 (0.4923)

Leading edge radius, m (in.) = 0.000958 (0.0377)

Trailing sdge radius, m (in.) =  0.001006 (0.0396)

X-area, mé (in,2 = 0.003916 gs o7oo;

Gamma, deg. (rad.) = 33.70 0.5881
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS ) INCHES

ZC YP YS ZC YP YS
0.0 ~0.0009 0.0009 0.0 -0.0340 0.0351
0.0090 0.0001 0.0037 0.3532 0.0059 0.1449
0.0179 0.0011 0.0064 0.7064 0.0446 0.2507
0.0269 0.0021 0.0089 1.0596 0.0818 0.3520
0.0359 0.0030 0.0114 1.4128 0.1173 0.4487
0.0449 0.0038 0.0137 1.7660 0.1508 0.5406
0.0538 0.0046 0.0159 2.1192 0.1824 0.6276
0.0628 0.0054 0.0180 2.4724 0.2117 0.7097
0.0718 0.0061 0.0200 2.8256 0.2387 0.7869
0.0807 0.0067 0.0218 3.1788 0.2634 0.8591
0.0897 0.0073 0.0235 3.5321 0.2857 0.9271
0.0987 0.0078 0.0251 3.8853 0.3052 0.9883
0.1077 0.0082 0.0265 4,2385 0.3212 1.0416
0.1166 0.0085 0.0275 4,5917 0.3333 1.0845
0.1256 0.0087 0.0284 4.9449 0.3414 1.1168
0.1346 0.0088 0.0289 5.2981 0.3458 1.1386
0.1435 0.0088 0.0292 5.6513 0.3464 1.1502
0.1525 0.0087 0.0292 6.0045 0.3434 1.1514
0.1615 0.0086 0.0290 6.3577 0.3369 1.1423
0.1705 0.0083 0.0285 6.7109 0.3270 1.1231
0.1794 0.0080 0.0278 7.0641 0.3138 1.0935
0.1884 0.0076 0.0268 7.4173 0.2974 1.0536
0.1974 0.0071 0.0255 7.7705 0.2779 1.0033
0.2063 0.0065 0.0239 8.1237 0.2555 0.9425
0.2153 0.0059 0.0221 8.4769 0.2303 0.8709
0.2243 0.0051 0.0200 8.8301 0.2025 0.7886
0.2333 0.0044 0.0177 9.1833 0.1716 0.6953
0.2422 0.0035 0.0150 9.5365 0.1371 0.5907
0.2512 0.0025 0.0120 9.8897 0.0994 0.4729
0.2602 0.0015 0.0087 10.2429 0.0584 0.3416
0.2691 0.0004 0.0050 10.5961 0.0140 0.1962
0.2781 -0.0008 0.0009 10,9494 -0.0333 0.0365
Radius, m (in.) = 0.6005 (23.6400)

Chord, m (in.) = 0.2781 (10.9493)

ZCSL, m (in.) = 0.1445 (5.6907)

YCSL m (in.) = 0.0117 (0.4596)

Lead1ng edge radius, m (in,) = 0.000945 (0.0372)

Trailing gdge rad1us m (in.) = 0.000986 (0.0388)

X-area, mé (in,?) = 0.003893 (6.0348;

Gamma, deg. (rad.) = 35.03 (0.6113
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS

ZC YP YS

0.0 -0.0009 0.0009
0.0091 0.0000 0.0035
0.0181 0.0009 0.0060
0.0272 0.0018 0.0085
0.0363 0.0026 0.0108
0.0453 0.0034 0.0131
0.0544 0.0041 0.0152
0.0635 0.0049 0.0172
0.0725 0.0055 0.0191
0.0816 0.0062 0.0209
0.0907 0.0068 0.0226
0.0997 0.0073 0.0242
0.1088 0.0078 0.0256
0.1179 0.0082 0.0268
0.1269 0.0085 0.0277
0.1360 0.0086 0.0283
0.1451 0.0087 0.0286
0.1542 0.0087 0.0287
0.1632 0.0086 0.0286
0.1723 0.0084 0.0281
0.1814 0.0081 0.0274
0.1904 0.0077 0.0265
0.1995 0.0072 0.0252
0.2086 0.0066 0.0237
0.2176 0.0059 0.0219
0.2267 0.0052 0.0198
0.2358 0.0044 0.0175
0.2448 0.0035 0.0148
0.2539 0.0025 0.0118
0.2630 0.0015 0.0085
0.2720 0.0004 0.0049
0.2811 -0.0008 0.0009

Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)
Leading edge radius, m (in.)

Trailing
X-area, m

Sdge radius, m (in,)
(in.z)

Gamma, deg. (rad.)

84

INCHES
LC YP YS
0.0 -0.0335 0.0344
0.3570 0.0016 0.1377
0.7140 0.0359 0.2378
1.0710 0.0692 0.3339
1.4280 0.1015 0.4261
1.7850 0.1327 0.5141
2.1420 0.1627 0.5979
2.4990 0.1911 0.6775
2.8560 0.2179 0.7528
3.2130 0.2430 0.8238
3.5700 0.2666 0.8910
3.9270 0.2881 0.9527
4.2840 0.3070 1.0085
4.6410 0.3220 1.0541
4.9980 0.3330 1.0891
5.3550 0.3400 1.1136
5.7120 0.3429 1.1278
6.0690 0.3421 1.1315
6.4260 0.3374 1.1247
6.7830 0.3290 1.1076
7.1400 0.3170 1.0800
7.4970 0.3014 1.0418
7.8540 0.2824 0.9930
8.2110 0.2600 0.9334
8.5680 0.2342 0.8626
8.9250 0.2052 0.7807
9.2820 0.1730 0.6873
9.6390 0.1377 0.5820
9.9960 0.0994 N.4645
10.3530 0.0582 0.3343
10.7100 0.0141 0.1913
11.0670 ~0.0323 0.0352
0.6214 (24.4655)
0.2811 (11.0670)
0.1460 (5.7487)
0.0111 (0.4361)
0.000927 (0.0365)
0.000950 (0.0374)
0.003846 55.9609;
36.44 0.6360
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES

C YP YS ZC YP YS
0.0 -0.0008 0.0008 0.0 -0.0321 0.0329
0.0092 -0.0001 0.0032 0.3619 -0.0046 0.1266
0.0184 0.0006 0.0055 0.7237 0.0228 0.2177
0.0276 0.0013 0.0078 1.0856 0.0498 0.3055
0.0368 0.0019 0.0099 1.4474 0.0765 0.3898
0.0460 0.0026 0.0120 1.8093 0.1028 0.4707
0.0551 0.0033 0.0139 2.1712 0.1285 0.5481
0.0643 0.0039 0.0158 2.5330 0.1535 0.6220
0.0735 0.0045 0.0176 2.8949 0.1778 0.692?
J.0827 0.0051 0.0193 3.2568 0.2013 0.7589
0.0919 0.0057 0.0209 3.6186 0.2241 0.8221
0.1011 0.0062 0.0224 3.9805 0.2460 0.3819
0.1103 0.0068 0.0238 4,3423 0.2669 0.9376
0.1195 0.0072 0.0250 4,7042 0.2849 0.9848
0.1287 0.0076 0.0260 5.0661 0.2992 1.0224
0.1379 0.0079 0.0267 5.4279 0.3096 1.0497
0.1471 0.0080 0.0271 5.7898 0.3161 1.0669
0.1563 0.0081 0.0273 6.1517 0.3187 1.0739
0.1654 0.0081 0.0272 6.5135 0.3174 1.0707
0.1746 0.0079 0.0269 6.8754 0.3124 1.0574
0.1838 0.0077 0.0263 7.2372 0.3037 1.0337
0.1930 0.0074 0.0254 7.5991 0.2912 0.9996
0.2022 0.0070 0.0243 7.9609 0.2750 0.9551
0.2114 0.0065 0.0229 8.3228 0.2552 0.8998
0.2206 0.0059 0.0212 8.6847 0.2317 0.8336
0.2298 0.0052 0.0192 9.0465 0.2047 0.7562
0.2390 0.0044 0.0169 9.4084 0.1741 0.6673
0.72432 0.0036 0.0144 9.7703 0.1399 0.5664
0.2574 0.0026 0.0115 10.1321 0.1022 0.4531
0.2665 0.0016 0.0083 10.4940 0.0611 0.3270
0.2757 0.0004 0.0048 10.8559 0.0164 0.1873
0.2849  -0.0008 0.0009 11.2177 -0.0313 0.0339
Radius, m (in,) =  0.6518 (25.6600)

Chord, m (in.) = 0.2849 (11.2177)

ZCSL, m (in.) = 0.1477 (5.8137)

YCSL, m (in.) = 0.0098 (0.3842)

Leading edge radius, m (in.) = 0.000889 (0.0350)

Trailing sdge rsdius, m (in.) = 0.000914 (0.0360)

X-area, m¢ (4n,<) = 0.003737 (5.7923

Gamma, deg. (rad.) = 38.53 (0.6725
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Fan Blade Coordinates (under 1cad at the aerodynamic design point)

E’ METERS INCHES

C YP ¥S ZC YP YS
%J 0.0 -0.0007 0.0007 0.0 -0.0292 0.0294
- 0.0094 -0.0004 0.0026 0.3712 -0.0174 0.1039
E?f (0.0189 -0.0001 0.0045 0.7424 -0.0049 0.1764
, 0.0283 0.0002 0.0063 1.1137 0.0085 0.2467
i 0.0377 0.0006 0.0080 1.4849 0.0229 0.3149
o 0.0471 0.0010 0.0097 1.8561 0.0381 n.3807
0.0566 0.0014 0.0113 2.2273 0.0539 0.4440
0.0660 0.0018 0.0128 2.5985 0.0702 0.5049
0.0754 0.0022 0.0143 2.9697 0.0871 0.5632
0.0849 0.0027 0.0157 3.3410 0.1044 0.6189
0.0943 0.0031 0.0171 3.7122 0.1220 0.6719
0.1037 0.0036 0.0184 4,0834 0.1402 0.7228
0.1131 0.0040 0.0196 4.,4546 0.1587 0.7706
0.1226 0.0045 0.0207 4,8258 0.1772 0.8152
0.1320 0.0049 0.0217 5.1971 0.1939 0.8531
0.1414 0.0053 0.0224 5.5683 0.2071 0.8815
0.1509 0.0055 0.0229 5.9395 0.2169 0.9009
. 0.1603 0.0057 0.0231 6.3107 0.2232 0.9108
- 0.1697 0.0057 0.0231 6.6819 0.2261 0.9113
3 0.1791 0.0057 0.0229 7.0531 0.2256 0.9026
35 0.1886 0.0056 0.0225 7.4244 0.2217 0.8845
N 0.1980 0.0055 0.0218 7.7956 0.2146 0.8570
7 0.2074 0.0052 0.0208 8.1668 0.2042 0.8200
5 0.2169 0.0048 0.0196 8.5380 0.1906 0.7735
2 0.2263 0.0044 0.0182 8.9092 0.1738 0.7172
5 0.2357 0.0039 0.0165 9.2804 0.1539 0.6510
i 0.2452 0.0033 0.0146 9.6517 0.1310 0.5746
0.2546 0.0027 0.0124 10.0229 0.1048 0.4880
0.2640 0.0019 0.0099 10.3941 0.0759 0.3906
: 0.2734 6.0011 0.0072 10.7653 0.0438 0.2821
. 0.2829 0.0002 0.0041 11.1365 0.0089 0.1622
B 0.2923  -0.006C7 0.0008 11,5078 -0.0286 0.0309
o Radius, m (in.) = 0.7033 (27.6900)
" Chord, m (in,) = 0.,2923 (11.5078)
e ZCSL, m (in.) = 0.1504 (5.9194)
YCSL, m (in.) = 0.0064 (0.2522)
- Leading edge radius, m (in.) =  0.000803 (0.0316)
- Trailing Sdge rsdius, m (in.) = 0.000831 (0.0327)
! X-area, m¢ (in.%) = 0.003496 (5.4188)
2 Gamma, deg. (rad.) = 42,40 (0.7401)
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Fan Blade Coordinates (under load at the aerodynamic

design point)

METERS
ZC YP YS
0.0 -0.0007 0.0007
0.0097 -0.0008 0.0020
0.0193 -0,0009 0.0034
0.0290 -0.0009 0.0047
0.0387 -0.0009 0.0059
0.0483 -0.0009 0.0072
0.0580 -0.0008 0.0084
0.0677 -0.0006 0.0095
0.0774 -0.0004 0.0106
0.0870 -0.0002 0.0117
0.0967 0.0000 0.0128
0.1064 0.0003 0.0138
0.1160 0.0007 0.0147
0.1257 0.0011 0.0157
0.1354 0.0015 0.0165
0.1450 0.0018 0.0172
0.1547 0.0021 0.0177
0.1644 0.0024 0.0180
0.1740 0.0026 0.0181
0.1837 0.0027 0.0180
0.1934 0.0027 0.0177
0.2031 0.0027 0.0172
0.2127 0.0026 0.0165
0.2224 0.0024 0.0156
0.2321 0.0022 0.0144
0.2417 0.0020 0.0131
0.2514 0.0017 0.0116
0.2611 0.0013 0.0098
0.2707 0.0009 0.0078
0.2804 0.0004 0.0057
0.2901 -0.0001 0.0033
0.2998 -0.0007 0.0007
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing
X-area, m

sdge radius, m (in,)
(in.2)
Gamma, deg. (rad.)

(Y RSP S Sy SR SV PSS e P o e R e TR SRS

INCHES
ZC YP YS
0.0 -0.0263 0.0262
0.3807 -0.0312 0.0795
0.7614 -0.0346 0.1320
1.1420 -0.0360 0.1832
1.5227 -0.0357 0.2331
1.9034 -0.0336 0.2817
2.2841 -0.0298 0.3288
2.6648 -0.0244 0.3745
3.0455 -0.0173 0.4187
3.4262 -0.0086 0.4614
3.8069 0.0016 0.5025
4,1875 0.0133 0.5420
4,5682 0.0267 0.5801
4,9489 0.0419 0.6171
5.3296 0.0576 0.6505
5.7103 0.0724 0.6784
6.0910 0.0846 0.6985
6.4717 0.0940 0.7104
6.8523 0.1007 0.7141
7.2330 0.1048 0.7099
7.6137 0.1064 0.6975
7.9944 0.1054 0.6772
8.3751 0.1019 0.6489
8.7558 0.0961 0.6125
9.1364 0.0879 0.5681
9.5171 0.0775 0.5156
9.8978 0.0650 0.4549
10.2785 0.0505 0.3861
10.6592 0.0340 0.3090
11.0399 0.0156 0.2234
11.4206 ~0.0045 0.1294
11.8012 -0.0259 0.0271
0.7549 (29.7200)
0.2998 (11,8012)
0.1526 (6.0065)
0.0024 {0.0960)
0.000719 (0.0283)
0.000737 (0.0290)
0.003219 24.9898;
42.99 0.8026
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES

ZC YP YS ZC Yp YS
0.0 -0.0006 0.0006 0.0 -0.0236 0.0233
0.0099 -0.0010 0.0016 0.3895 ~0.0392 0.0621
0.0198 -0.0013 0.0025 0.7790 -0.05631 0.0998
0.0297 -0.0017 0.0035 1.1685 ~-0.0653 0.1362
0.0396 -0.0019 0.0044 1.5580 -0.0758 0.1714
0.0495 -0.0021 0.0052 1.9475 -0.0843 0.2054
0.0594 -0,0023 0.0061 2.3370 -0.0908 0.2384
0.0693  -0.0024 0.0069 2.7266 ~0.0954 0.2703
0.0791 -0.0025 0.0076 3.1150 -0.0980 0.3010
0.0890 -0.0025 0.0084 3.5056 -0.0986 0.3307
0.0989  -0.0025 0.0091 3.8951 -0.0971 0.3592
0.1083 -0.0024 0.0098 4,2846 -0.0936 0.3867
0.1187  -0.0022 0.0105 4,6741 ~-0.0881 0.4131
0.1286 -0.0020 0.0111 5.0636 ~-0.0804 0.4384
0.1385 -0.0018 0.0118 5.4531 -0.0701 0.4635
0.1484 -0.0015 0.0123 5.8426 -0.0586 0.4858
0.1583 -0.0012 0.0128 6.2321 -0.0476 0.5030
0.1682 -0.0010 0.0131 6.6216 -0.0378 0.5142
0.1781 -0.0007 0.0132 7.0111 -0.0294 0.5190
0.1880 -0.0006 0.0131 7.4006 ~0.0225 0.5175
0.1979  -0.0004 0.0129 7.7901 -0.0169 0.5096
0.2078 -0.0003 0.0126 8.1796 -0.0126 0.4955
0.2177  -0.0002 0.0121 8.5691 -0.0095 0.4752
0.2275 -0.0002 0.0114 8.9587 -0.0076 0.4488
0.2374  -0.0002 0.0106 9.3482 -(.0068 0.4162
0.2473  -0.0002 0.0096 9.7377 -0.0070 0.3777
0.2572  -0.0002 0.0085 10.1272 -0.0082 0.3331
0.2671 -0.0003 0.0072 10.5167 -0.0101 0.2827
0.2770  -0.0003 0.0058 10.9062 -0.0127 N0.2264
0.2869 -0.C004 0.0042 11,2957 -0.0159 0.1643
0.2968 -0.0005 0.0025 11.6852 -0.0196 0.0966
0.3067 -0.0006 0.0006 12.0747 -0.0232 0.0237
Radius, m (in.) = (0.8062 (31.7400)

Chord, m (in.) = 0.3067 (12.0747)

Z2CSL, m (in.) = 0.1544 (6.0790)

YCSL, m (in.) = -0,0013 (~0.0524)

Leading edge radius, m (in.) = 0.000640 (0.0252)

Trailing Sdge rsdius, m (in.} = 0.000648 (0.0255)

X-area, m¢ (in,%) = 0.002954 (4.5794)

Gamma, deg. (rad.) = 48,81 (0.8519)

88

B Y N O
. . ) i IR ) TRBPT R n 188 SN TR PRGN i

o . . e 2
B 3ol PPESDR PR, 2 AR e SRR T w0 SRR - i



m———

Fan Blade Coordinates (under load at the aerodynamic

design point)

METERS

ZC YP YS

0.0 -0.0005 0.0006
0.0101  -0.0009 0.0014
0.0203  -0.0013 0.0023
0.0304 -0.0017 0.0030
0.0405 -0.0020 0.0038
0.0507  -0.0023 0.0045
0.0608 -0.0026 0.0051
0.0709  -0.0028 0.0057
0.0811  -0.0031 0.0062
0.0912  -0.0032 0.0067
0.1013  -0.0034 0.0071
0.1115  -0.0035 0.0076
0.1216  -0.0035 0.0080
0.1317  -0.0035 0.0083
0.1419  -0.0035 0.0087
0.1520  -0.0034 0.0090
0.1622  -0.0033 0.0092
0.1723  -0.0031 0.0094
0.1824  -0.0030 0.0094
0.1926  -0.0029 0.0094
0.2027  -0.0027 0.0092
0.2128  -0.7026 0.0089
0.2230  -0.0024 0.0085
0.2331  -0.0023 0.0080
0.2432  -0.0021 0.0074
0.2534  -0.0019 0.0067
0.2635 -0.0018 0.0059
0.2736 -0.0015 0.0050
0.2838 -0.0013 0.0040
0.2939  -0.0011 0.0029
0.3040  -0.0008 0.0018
0.3142  -0.0005 0.0006

Radius, m (in.)
Chord, m (in,)
ZCSL, m (in.)
YCSL, m (in.)
Leading edge radius, m (in.)
Trailing

X-area, m

Sdge rgdius, m (in.)
(

in.<)

Gamma, deg. (rad.)

N T T R o ) il I T R LI A

o0

INCHES
ZC YP YS
0.0 -0.0198 0.0228
0.3990 ~0.0364 0.0565
0.7980 -0.0518 0.0888
1.1970 -0.0658 0.1194
1.5960 -0.0785 0.1485
1.9950 -0.0903 0.1754
2.3940 -0.1013 0.2002
2.7930 -0.1118 0.2226
3.1920 -0.1207 0.2435
3.5910 -0.1279 0.2630
3.9900 -0.1336 0.2812
4,3890 -0.1375 0.2981
4,.7880 -0.1394 0.3138
5.1870 -0.1396 0.3282
5.5860 -0.1377 0.3417
5.9850 ~0.1336 0.3541
6.3840 -0.1285 0.3640
6.7830 ~-0.1231 0.3701
7.1820 -0.1178 0.3716
7.5810 -0.1125 0.3687
7.9800 -0.1071 0.3614
8.3790 -0.1015 0.3498
8.7780 -0.0957 0.3339
9.1770 -0.0897 0.3140
9.5759 -0.0833 0.2900
9.9749 -0.0765 0.2622
10.3740 ~0.0691 0.2307
10.7730 -0.0609 0.1956
11.1719 -0.0521 0.1571
11.5709 -0.0423 0.1153
11.9699 -0.0313 0.0705
12.3689 -0.0189 0.0233
0.8575 (33.7600)
0.3142 (12.3689)
0.1566 (6.1646)
-0.0040 (-0.1562)
0.000577 (0.0227)
0.000577 (0.0227)
0.002714 54.2068
51.20 0.8954
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Fan Blade Coordinates (under load at the aerodynamic

design point)

METERS
ZC YP YS
0.0 -0.0005 0.0006
0.0102  -0.0009 0.0014
0.0205 -0.0013 0.0021
0.0307 -0.0016 0.0029
0.0410 -0.0019 0.0036
0.0512 -0.0022 0.0042
0.0615 -0.0025 0.0048
0.0717  -0.0028 0.0053
0.0820 -0.0030 0.0057
0.0922 -0.0033 0.0061
0.1025 -0.0034 0.0065
0.1127  -0.0036 0.0069
0.1230 -0.0036 0.0072
0.1332  ~0.0037 0.0075
0.1435 -0.0037 0.0078
0.1537  -0.0036 0.0080
0.1640 -0.0035 0.0082
0.1742  -0.0034 0.0083
0.1845  -0.0033 0.0083
0.1947  -0.0031 0.0082
0.2050 -0.0030 0.0081
0.2152  -0.0029 0.0078
0.2255 -~0.0027 0.0074
0.2357 -0.0026 0.0070
0.2460 -0.0024 0.0064
0.2562 -0.0022 0.0058
0.2665 -0.,0020 0.0051
0.2767  -0.0018 0.0043
0.2870 -0.0015 0.0035
0.2972  -0.0012 0.0025
0.3075 -0.0008 0.0016
0.3177  -0.0005 0.0006
Radius, m (in.)
Chord, m (in.)
ZCSL, m {in.)
YCSL, m (in.)

Leading edge radius, m {in.)
Sdge radius, m (in,
(

Trailing
X-area, m

in.?2)

Gamma, deg. (rad.)
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INCHES
ZC YP YS
0.0 -0.0193 0.0221
0.4035 -0.0352 0.0542
0.8070 ~-0.0501 0.0846
1.2106 ~-0.0637 0.1133
1.6141 -0.0762 0.1402
2.0176 -0.0879 0.1649
2.4212 -0.0991 0.1872
2.8247 -0.1102 0.2068
3.2282 -0.1200 0.2248
3.6317 -0.1231 0.2413
4.0352 ~-0.1349 0.2565
4,4388 -0.1400 0.2704
4.8423 -0.1433 0.2832
5.2458 -0.1447 0.2947
5.6494 -0.1442 0.3052
6.0529 -0.1417 0.3144
6.4564 -0.1376 0.3224
6.8599 -0.1329 0.3272
7.2634 -0.1281 0.3280
7.6670 -0.1233 0.3248
8.0705 ~-0.1183 0.3177
8.4740 -0.1130 0.3067
8.8776 -0.1074 0.2922
9.2811 -0.1013 0.2741
9.6846 ~0.0945 0.2526
10.0881 -0.0871 0.2278
10.4917 -0.0788 0.2000
10.8952 -0.0694 0.1694
11.2987 -0.0589 0.1361
11.7022 -0.0470 0.1003
12,1058 -0.0334 0.0621
12.5093 -0.0182 0.0220
= (.8831 (34.,7658)
= 0.3177 (12,5093)
= 0.1575 (6.2005)
= -0.0047 (-0.1849)
= 0,000559 (0.0220)
= 0.000546 (0.0215)
= 0.002574 §3.9897;
= 52.85 0.9225
(-
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES ;
ZC YP YS ZC Yp ¥s ‘
0.0 -0.0005 0.0006 0.0 -0.0195 0.0219 Y
0.0104  -0.0009 0.0013 0.4082 -0.0343 0.0531
0.0207 -0.0012 0.0021 0.8164 -0.0486 0.0823
0.0311 -0.0016 0.0028 1.2246 -0.0619 0.1095
0.0415 -0.0019 0.0034 1.6327 -0.0745 0.1344
0.0518  -0.0022 0.0040 2.0409 -0.0868 0.1568 :
0.0622  -0.0025 0.0045 2.4491 -0.0991 0.1761
0.0726  -0.0028 0.0049 2.8573 -0.1119 0.1923
0.0829  -0.0031 0.0052 3.2655 -0.1240 0.2063
0.0933  -0.0034 0.0056 3.6736 -0.1348 0.2186 :
0.1037  -0.0037 0.0058 4,0818 -0.1442 0.2294 '
0.1140  -0.0039 0.0061 4,4900 -0.1521 0.2388
0.1244  -0.0040 0.0063 4.8982 -0.1582 0.2471
0.1348  -0.0041 0.0065 5.3064 -0.1625 0.2542
0.1451  -0.0042 0.0066 5.7146 -0.1649 0.2604
0.1555  -0.0042 0.0067 6.1227 -0.1653 0.2656 *
0.1659  -0.0041 0.0069 6.5309 -0.1634 0.2706 |
0.1763  -0.0041 0.0069 6.9391 -0.1605 0.2731 |
0.1866  -0.0040 0.0069 7.3473 -0.1572 0.2723
0.1970  -0.0039 0.0068 7.7555 -0.1532 0.2682
0.2074  -0.0038 0.0066 8.1636 -0.1487 0.2609
0.2177  -0.0036 0.0064 8.5718 -0.1435 0.2506 :
0.2281  -0.0035 0.0060 8.9800 -0.1375 0.2374
0.2385 -0.0033 0.0056 9.3882 -0.1306 0.2214
0.2488  -0.0031 0.0052 9.7964 -0.1224 0.2030
0.2592  -(.0029 0.0046 10.2046 -0.1128 0.1824
0.2696  ~0.026 0.0041 10.6127 -0.1016 0.1596
0.2799  -0.0023 0.0034 11.0209 -0.0888 0.1350
0.2903  -0.0019 0.0028 11.4291 -0.0740 0.1087
0.3007 -0.0015 0.0021 11,8373 -0.0573 0.0810
0.3110  -0.0010 0.0013 12,2455 -0.0387 0.0513 .
0.3214  -0.0004 0.0005 12.6537 -0.0176 0.0211 ;
Radius, m (in.) = 0.,9091 (35.7900)
Chord, m (in.) = 0.3214 (12.6537)
ZCSL, m (in.) = 0,1582 (6.2267)
YCSL, m (in.) = -0.0056 (-0.2207)
Leading edge radius, m {in.) =  0.000556 (0.0219)
Trailing gdge radius, m (in.) =  0.000523 (0.0206)
X-area, m? (in.2) = 0.002467 53.8231;
Gamma, deg. (rad.) = 55,11 0.9618
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES

ZC YP YS ¢ YP YS
0.0 -0.0005 0.0006 0.0 -0.0199 0.0218
0.0107 -0.0012 0.0009 0.4198 ~0.0459 0.0369
0.0213  -0.0018 0.0013 0.8396 -0.0722 0.0496
0.0320 -0.0025 0.0015 1.2594 -0.0981 0.0598
0.0427 -0.0031 0.0017 1.6792 -0.1235 0.0677
0.0533  -0.0038 0.0019 2.0990 -0.1485 0.0733
0.0640 -0.0044 0.0019 2.5188 -0.1728 0.0768
0.0746  -0.0059 0.0020 2.9385 -0.1964 0.0783
0.0853  -0.0056 0.0020 3.3583 -0.2191 0.0780
0.0960 -0.0061 0.0019 3.7781 -0.2403 0.0760
0.1066 -0.0066 0.0019 4.1979 -0.2601 0.0732
0.1173  -0.0070 0.0018 4,6177 -0.2761 0.0712
0.1280 -0.0073 0.0018 5.0375 ~-0.2878 0.0709
0.1386 -0.0075 0.0019 5.4573 -0.2946 0.0729
0.1493  -0,0075 0.0020 5.8771 -0.2960 0.0772
0.1599  -0.0074 0.0022 6.2969 -0.2921 0.0851
0.1706  -0.0071 0.0024 6.7167 -0.2806 0.0964
0.1813  -0.0067 0.0028 7.1365 -0.2655 0.1092
0.1919  -0.0063 0.0031 7.5563 -0.2486 0.1218
0.2026 -0.0059 0.0033 7.9761 -0.2319 0.1303
0.2133  -0.0055 0.0034 8.3958 -0.2158 0.1352
0.2239  -0.0051 0.0035 8.8156 -0.2001 0.1367
0.2346  -0.0047 0.0034 9.2354 -0.1845 0.1349
0.2452  -0.0043 0.0033 9.6552 -0.1687 0.1302
0.2559  -0.0039 0.0031 10,0750 -0.1525 0.1230
0.2666 -0.0035 0.0029 10.4948 -0.1360 0.1132
0.2772  -0.0030 0.0026 10.9146 -0.1188 0.1012
0.2879  ~0.0026 0.0022 11.3344 ~0.1006 0.0874

; 0.2986 -0,0021 0.0018 11.7542 -0.0813 0.0717

# 0.3092 -0.0015 0.0014 12.1740 -0.0607 0.0547

; 0.3199  -0.0010 0.0009 12.5938 -0.0388 0.0362

i 0.3305 -0.0004 0.0005 13.0136 ~0.0147 0.0179

& Radius, m (in.) 0.9688 (38.1400

B Chord, m (in.) 0.3305 (13.0136

8 ZCSL, m (in.) 0.1590 (6.2604

- -0.0082 (-0.3245

)

)

j YCSL, m (in.) 0 0219;
| .0171)
)

)

Leading edge radius, m (in.) 0.000556 (
- Trailing sdge rgdius, m (in.) 0.000434 (0.0171
8 X-area, m¢ (in, ) 0.002217 3.4362
{ | Gamma, deg. (rad.) 62.76 1.0954
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o Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES

. ZC YP YS IC YP S
" 0.0 -0.0005 0.0006 0.0 -0.0199 0.0217
- 0.0107 -0.0012 0.0008 0.4231 -0.0491 0.0314
™ 0.0215 -0.0020 0.0010 0.8462 -0.0785 0.0388

0.0322 -0.0027 0.0011 1.2694 -0.1075 0.0437

0.0430 -0.0035 0.0012 1.6925 -0.1359 0.0466

0.0537 -0.0042 0.0012 2.1156 -0.1636 0.0477
- 0.0645 -0.0048 0.0012 2.5387 -0.1906 0.0471
- 0.0752 -0.0055 0.0011 2.9618 -0.2167 0.0448
i 0.0860 -0.0061 0.0010 3.3849 -0.2416 0.0411

0.0967 -0.0067 0.0009 3.8081 -0.2654 0.0360
5 0.1075  -0.0073 0.0007 4,2312 -0.2875 0.02385
F 0.1182 -0.0078 0.0006 4,6543 ~-0.3075 0.0229
; 0.1200 -0.0082 0.0005 5.0774 -0.3234 0.0180

0.1397 -0.90085 0.0004 5.5006 -0.3328 0.0167
a 0.1505 -0.0085 0.0005 5.9237 -0.3355 0.0195
s 0.1612 -0.0084 0.0007 6.3468 -0.3310 0.0277
%‘ 0.1720 -0.0081 0.0010 6.7699 -0.3175 0.0410
- 0.1827 -0.0076 0.0015 7.1930 -0.2978 0.0577
-, 0.1934 -0.0070 0.0019 7.6161 ~-0.2755 0.0764

0.2042 -0.0064 0.0023 8.0393 -0.2531 0.0910
e 0.2149  -0.0059 0.0026 8.4624 -0.2320 0.1014
2 0.2257 -0.0054 0.0027 8.8855 -0.2118 0.1081
K 0.2364 -0.0049 0.0028 9.3086 -0.1923 0.1112
v 0.2472 -0.0044 0.0028 9.7317 -0.1731 0.1111
- 0.2579 -0.0039 0.0027 10.1549 -0.1541 C.1078
i 0.2687 -0.0034 0.0026 10.5780 -0.1352 0.1017
; 0.2794 -0.0030 0.0024 11.0011 -0.1162 0.0931
: 0.2902 -0.0025 0.0021 11.4242 -0.0969 0.0820
- 0.3009 -0.0020 0.0017 11.8473 -0.0771 0.0686
— 0.3117 -0.0014 0.0014 12.2704 -0.0569 0.0532
Ey 0.3224 -0.0009 0.0009 12.6936 -0.0361 0.0353

0.3332 -0.0004 0.0004 13.1167 -0.0141 0.0169

Radius, m (in.) = 0.9896 (38.9618)

Chord, m (in.) = 0.3332 (13.1167)

ZCSL, m (in.) = 0,1598 (6.2901)

YCSL, m (in.) = -0.00839 (-0.3519)

Leading edge radius, m (in.) = 0.000554 (0.0218)

Trailing edge radius, m (in.) = 0.000414 (0.0163)

X-area, m? (in.2) = 0.002127 53.2963;

Gamma, deg. (rad.) = 65.20 1.1380
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Fan Blade Coordinates (under load at the aerodynamic design point)

®

.,

METERS INCHES

ZC Yp YS 2C YP YS
0.0 -0.0005 0.0005 0.0 -0.0198 0.0215
0.0109 -0.0013 0.0006 0.4281 -0.0529 0.0232
0.0217 -0.0022 0.0006 0.8561 ~0.0859 0.0231
0.0326 -0.0030 0.0005 1.2842 -0.1185 0.0214
0.0435 -0.0038 0.0005 1.7123 -0.1505 0.0180
0.0544  -0.0046 0.0003 2.1404 -0.1820 0.0130
0.0652 -0.0054 0.0002 2.5685 ~-0.2125 0.0067
0.0761  -0.0061 ~0.0000 2.9965 ~-0.2416 -0.0004
0.0870 -0.0068 -0.0002 3.4246 -0.2688 -0.0081
0.0979  -0.0075 -0.0004 3.8527 -0.2945 -0.0163
0.1087 -0.0081 ~0.0006 4,2808 ~-0.3178 -0.0248
0.1196 -0.0086 ~-0.0009 4,7088 -0.3405 -0.0343
0.1305 -0.0091 -0.0011 5.1369 -0.3602 ~-0.0439
0.1414 -0.0095 -0.0013 5.5650 ~0.3747 -0.0508
0.1522  -0.0097 -0.0013 5.9931 ~-0.3815 -0.0519
0.1631 -0.0096 -0.0011 6.4211 -0.3788 ~-0.0452
0.1740 -0.0093 -0.0008 6.8492 ~-0.3651 -0.0309
0.1848 -0.0087 ~-0.0003 7.2773 -0.3417 -0.0101
0.1957 -0.0080 0.0004 7.7054 ~-0.3142 0.0152
0.2066 -0.0072 0.0010 8.1334 -0.2853 0.0377
0.2175 -0.0066 0.0014 8.5615 -0.2582 0.0560
0.2283 -0.0059 0.0018 8.9896 -0.2325 0.0699
0.2392 -0.0053 0.0020 9.4177 -0.2082 0.0798
0.2501 -0.0047 0.0022 9.8457 -0.1848 0.0859
0.2610 -0.0041 0.0022 10.2738 -0.1623 0.0884
0.2718 -0.0036 0.0022 10.7019 -0.1406 0.0875
0.2827 -0.0030 0.0021 11.1300 -0.1196 0.0834
0.2936 -0.0025 0.0019 11.5581 -0.0990 0.0761
0.3044 -0.0020 0.0017 11.9861 -0.0786 0.0660
0.3153 -0.0015 0.0014 12.4142 -0.0582 0.0532
0.3262 -0.0010 0.0010 12.8423 -0.0380 0.0382
0.3371 -0.0004 0.0005 13,2704 ~0.0173 0.0202
Radius, m (in.) = 1,0281 (40.4750)

Chord, m (in.) = 0.3371 (13.2704)

ZCSL, m (in.) =  0.1624 (6.395€)

YCSL, m (in.) = -0.0099 -0.3900)

Leading edge radius, m (in.) =  0,000546 (0.0215)

Trailing §dge radius, m (in,) = 0.000498 (0.0196)

X-area, m? (in.2) = 0.002022 §3.1341;

Gamma, deg. (rad.) = 68.13 1.1891
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Fan Blade Coordinates (under Toad at the aerodynamic design point)

| Shrouded Fan i

;o METERS INCHES
§§ ZC YP YS ZC YP YS
3 {
- 0.0 -0.0006 0.0007 0.0 -0.0219 0.0272
o 0.0051 0.0029 0.0060 0.1999 0.1147 0.2381
i 0.0102 0.0061 0.01:1 0.3997 0.2407 0.4359 1
e 0.0152 0.0090 0.0158 0.5996 0.3546 0.6209 i
0.0203 0.0116 0.0202 0.7995 0.4567 0.7939
0.0254 0.0139 0.0242 0.9994 0.5477 0.9534
0.0305 0.0160 0.0278 1.1993 0.6289 1.0963 .
0.0355 0.0178 0.0310 1.3991 0.7014 1.2223 l
0.0406 0.0194 0.0338 1.5990 0.7655 1.3325 ﬁ
0.0457 0.0209 0.0363 1.7989 0.8215 1.4283 }
0.0508 0.0221 0.0384 1.9988 0.8692 1.5101
0.0558 0.0231 0.0401 2.1986 0.9089 1.5786
0.0609 0.0239 0.0415 2.3985 0.9406 1.6341
0.0660 0.0245 0.0426 2.5984 0.9643 1.6769
0.0711 0.0249 0.0434 2.7983 0.9801 1.7072
0.0762 0.0251 0.0438 2.9981 0.9878 1.72438
0.0812 0.0251 0.0439 3.1980 0.9875 1.7301
0.0863 0.0249 0.0438 3.3979 0.9792 1.7226
0.0914 0.0245 0.0432 3.5078 0.9627 1.7023
0.0965 0.0238 0.0424 3.7977 0.9381 1.6688 ‘
) 0.1015 0.0230 0.0412 3.9975 0.9053 1.6218 ’
£ 0.1066 0.0219 0.0396 4,1974 0.8641 1.5610
& 0.1117 0.0207 0.0377 4,3973 0.8145 1.4858
z 0.1168 0.0192 0.0354 4.5972 0.7565 1.3956
v 0.1218 0.0175 0.0328 4.7970 0.6899 1.2899
- 0.1269 0.0156 0.0297 4,9969 0.6145 1.1680
t 0.1320 0.0135 0.0261 5.1968 0.5304 1.0287
& 0.1371  0.0111 0.0221 5.3967 0.4373 0.8716
- 0.1422 0.0085 0.0177 5.5965 0.3353 0.6952 ,
R 0.1472 0.0057 0.0127 £.7964 0.2241 0.4988 )
0.1523 0.0026 0.0071 5.3963 0.1036 0.2799 :
0.1574  -0.0007 0.0009 v.1962 -0.0268 0.0368
Radius, m (in.) = 0,3508 (13.8100)
Chord, m (in.) = 0.1574 (6.1962)
ZCSL, m (in.) = 0.0809 (3.1834)
YCSL, m (in.) = 0.0277 (1.0923)
Lead1ng edge radius, m (in.) = 0.000523 (0.0206)
Trailing gdge rgdlus m (in.) = 0.000686 (0.0270)
X-area, m = 0.002106 (3.2640
Gamma, deg. \rad ) = -5,11 (-0.0892
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS
ZC YP YS
|
ﬁ“' 0.0 -0.0006 0.0007
i 0.0051 0.0029 0.0058
0.0102 0.0060 0.0106
0.0153 0.0089 0.0150
0.0204 0.0114 0.0191
0.0254 0.0137 0.0230
: 0.0305 0.0157 0.0265
3 0.0356 0.0175 0.0295
gi 0.0407 0.0191 0.0323
ﬁ 0.0458 0.0205 0.0347
g 0.0508 0.0217 0.0368
3 0.0560  0.0227 0.0385
;. 0.0611 0.0236 0.0400
0.0662 0.0242 0.0411
0.0712 0.0246 0.0420
0.0763 0.0248 0.0425
0.0814 0.0249 0.0427
0.0865 0.0247 0.042s5
0.0916 0.0243 0.0422
0.0967 G.0238 0.0415
0.1018 0.0230 0.0404
0.1069 0.0220 0.0390
§ 0.1120 0.0208 0.0373
& 0.1170 0.0193 0.0351
; 0.1221 0.0177 0.0325
%: 0.1272 0.0158 0.0296
A 0.1323 0.0137 0.0261
B, 0.1374 0.0113 0.0222
. 0.1425 2.0087 0.0178
: 0.1476 0.0059 0.0128
3 0.1527 0.0028 0.0071
;i 0.1578 -0.0006 0.0008
2 Radius, m (in.)
- Chord, m (in.)
& Z2CSL, m (in.)
E YCSL, m (in.)
- Leading edge radius, m (in.)
: Trailing edge radius, m (in.)
X-area, mé (in,%)
Gamma, deg. (rad.)

96

INCHES

ZC YP YS
0.0 -0.0219 0.0266
0.2003 0.1133 0.2280
0.4007 0.2372 0.4155
0.6010 0.3489 0.5901
0.3014 0.4491 0.7531
1.0017 0.5383 0.9044
1.2021 0.6175 1.0418
1.4024 0.6879 1.1632
1.6028 0.7512 1.2718
1.8031 0.8068 1.3667
2.0035 0.8547 1.4484
2.2038 0.8948 1.5177
2.4042 0.9272 1.5746
2.6045 0.9519 1.6194
2.8049 0.9689 1.6524
3.0052 0.9780 1.6732
3.2056 0.9793 1.6821
3.4059 0.9725 1.6787
3.6062 0.9580 1.6629
3.8066 0.9353 1.6342
4.0069 0.9043 1.5923
4,2073 0.8650 1.5368
4.4076 0.8171 1.4669
4.6080 0.7607 1.3820
4.8083 0.6955 1.2813
5.0087 0.6212 1.1637
5.2090 0.5379 1.0284
5.4094 0.4452 0.8741
5.6097 0.3430 0.6992
5.8101 0.2311 0.5022
6.0104 0.1093 0.2803
6.2108 -0.0230 0.0317

0.3683 4.5000)

0.1578 6.2108)

0.0823 3.2404)

0.0270 1.0630)

0.000518 0.0204)

0.000587 0.0231)

0.001998 3.0974

-2.01 0.0350
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS
ZC YP YS
0.0 ~-0.0006 0.0007
0.0051 0.0028 0.0055
0.0102 0.0060 0.0101
0.0153 0.0089 0.0144
0.0204 0.0114 0.0183
0.0255 0.0137 0.0220
0.0306 0.0157 0.0254
0.0357 0.0175 0.0284
0.0408 0.0191 0.0311
0.0459 0.0205 0.0335
0.0509 0.0217 0.0355
0.0560 0.0227 0.0372
0.0611 0.0235 0.0387
0.0662 0.0241 0.0398
0.0713 0.0245 0.0406
0.0764 0.0247 0.0412
0.0815 0.0248 0.0414
0.0866 0.0246 0.0414
0.0917 0.0243 0.0411
0.0968 0.0237 0.0404
0.1019 0.0230 0.0395
0.1070 0.0220 0.0382
0.1121 0.0208 0.0366
0.1172 0.0194 0.0345
0.1223 0.0178 0.0321
0.1274 0.0159 0.0293
0.1325 0.0138 0.0259
0.1376 0.0115 0.0221
0.1427 0.0089 0.0178
0.1478 0.0060 0.0128
0.1528 0.0029 0.0071
0.1579  -0.0005 0.0007
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

l.eading edge radius, m (in.)

Trailing edge radius, m (in.)
(in.z)
Gamma, deg. (rad.)

X~-area, m

T N SR R

B T TR S e s

INCHES
ZC YP YS
0.0 -0.0220 0.0261 ;
0.2006 0.1112 0.2169
0.4012 0.2353 0.3968
N.6018 0.3489 0.5654 |
0.8023 0.4499 0.7208 !
1.0029 0.5396 0.8656 |
1.2035 0.6196 0.9993
1.4041 0.6906 1.1191
1.6047 0.7535 1.2254
1.8053 0.8082 1.3183 :
2.0058 0.8549 1.3984 »
2.2064 0.8939 1.4661 ]
2.407¢C 0.9253 1.5219 g
2.6076 0.9491 1.5662
2.8082 0.9654 2.5990
3.0088 0.9743 1.6206
3.2093 0.9758 1.6310
3.4099 0.9698 1.6300
3.6105 0.9560 1.6173
3.8111 0.9342 1.5924
4.0117 0.9044 1.5547
4,2123 0.8664 1.5039
4,4129 0.8198 1.4390 :
4.6134 0.7646 1.3594
4,8140 0.7005 1.2641
5.0146 0.6273 1.1518
5.2152 0.5447 1.0214
5.4158 0.4523 0.8712
5.6164 0.3500 0.6991
5.8169 0.2375 0.5032
6.0175 0.1143 0.2799
6.2181 -0.0197 0.0271 .
0.3881 (15.2790) :
0.1579 (6.2181) ‘
0.0835 (3.2858)
0.0263 (1.0355)
0.000518 (0.0204)
0.000500 (0.0197)
0.001870 52.8987
1.76 0.0306
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS
ZC YP YS
0.0 -0.0006 0.0007
0.0051 0.0027 0.0052
0.0102 0.0057 0.0095
0.0153 0.0084 0.0135
0.0204 0.0110 0.0173
0.0255 0.0133 0.0209
0.0306 0.0153 0.0242
0.0358 0.0172 0.0272
0.0409 0.0188 0.0299
0.0460 0.0203 0.0323
0.0511 0.0216 0.0344
0.C562 0.0226 0.0361
0.6513 0.0234 0.0376
0.0664 0.0241 0.0387
0.0715 0.0245 0.0396
0.0766 0.0247 0.0402
0.0817 0.0247 0.0405
0.0868 0.0246 0.0405
0.0919 0.0242 0.0402
0.0970 0.0237 0.0396
0.1021 0.0229 0.0387
0.1073 0.0220 0.0375
0.1124 0.0208 0.0359
0.1175 0.0194 0.0340
0.1226 0.0178 0.0316
0.1277 0.0160 0.0289
0.1328 0.0139 0.0257
0.1379 0.0116 0.0220
0.1430 0.0090 0.0177
0.1481 0.0061 0.0127
0.1532 0.0030 0.0071
0.1583  -0.0005 0.0006
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)
Lead1ng edge radius, m (in.)
Trailing gdge rad1us m (in.)
X-area, m (1n.
Gamma, deg. (rad )
98

INCHES
ZC YP YS

0.0 -0.0219 0.0256
0.2011 0.1048 0.2044
0.4021 0.2233 0.3738
0.6032 0.3322 0.5327
0.8043 0.4317 0.6818
1.0054 0.5220 0.8220
1.2064 0.6033 0.9528
1.4075 0.6762 1.0717
1.6086 0.7413 1.1781
1.8097 0.7990 1.2717
2.0107 0.8486 1.3533
2.2118 0.8892 1.4220
2.4129 0.9220 1.4789
2.6139 0.9470 1.5247
2.8150 0.9640 1.5590
3.0161 0.9730 1.5820
3.2172 0.9739 1.5935
3.4182 0.9675 1.5935
3.6193 0.9534 1.5819
3.8204 0.9316 1.5584
4.0214 0.9021 1.5227
4,2225 0.8648 1.4745
4,4236 0.8199 1.4133
4.6247 C.7657 1.3376
4.8257 0.7023 1.2459
5.0268 0.6298 1.1375
5.2279 0.5477 1.0109
5.4290 0.4557 0.8642
5.6300 0.3535 0.6952
5.8311 0.2407 0.5014
6.0322 0.1168 G.2786
6.2332 -0.0181 0.0248

= 0.4022 (15.8340)

= 0.1583 (6.2332)

= 0.0843 (3.3192)

= 0.0258 (1.0161)

= 0.000521 (0.0205)

= 0.000457 (0.0180)

= 0.001775 52 7511‘

= 4,52 0 0789




Fan Blade Coordinates (under load at the aerodynamic design point)

3o
i METERS
b ZC P Ys
E~ 0.0 -0.0006 0.0006
3 0.0051  0.0025 0.0049
3 0.0103  0.0054 0.0090
;- 0.0154  0.0080 0.0128
b 0.0205  0.0105 0.0164
; 0.0256  0.0127 0.0198
£ 0.0308  0.0147 0.0230
3 0.0359  0.0165 0.0259
- 0.0410  0.0181 0.0285
- 0.0462  0.0196 0.0309
A 0.0513  0.0209 0.0329
: 0.0564  0.0220 0.0347
0.0615  0.0229 0.0362
0.0667  0.0236 0.0374
0.0718  0.0241 0.0383
0.0769  0.0245 0.0390
0.0821  0.0246 0.0394
0.0872  0.0245 0.0395
0.0923  0.0242 0.0392
0.0974  0.0237 0.0387
0.1026  0.0229 0.0379
0.1077  0.0220 0.0367
0.1:72  0.0207 0.0352
0.1180  0.0193 0.0333
0.1231  0.0177 0.0310
0.1282  0.0159 0.0283
0.1333  0.0138 0.0252
0.1385  0.0115 0.0216
0.1436  0.0090 0.0174
0.1487  0.0061 0.0126
0.1539  0.0030 0.0070
0.1590  -0.0004 0.0006
Radius, m (in.)
Chord, m (in.)
2CSL, m (in.)
YCSL, m (in.)

Trailing
X-area, m

B I T e I

Y oate 18 I I

Leading edge radius, m (in.)
Sdge rgdius, m (in.)
(in.”)

Gamma, deg. (réd.)

PAZE Ly atns s B A e

INCHES

ZC YP YS
0.0 -0.0218 0.0251
0.2019 0.0997 0.1943
0.4038 0.2126 0.3540
0.6057 0.3169 0.5043
0.8076 0.4126 0.6456
1.0095 0.5000 0.7787
1.2114 0.5791 0.9038
1.4134 0.6503 1.0188
1.6153 0.7141 1.1226
1.8172 0.7711 1.2147
2.0191 0.8212 1.2957
2.2210 0.8644 1.3656
2,4229 0.9004 1.4246
2.6248 0.9291 1.4727
2.8267 0.9502 1.5098
3.0286 0.9636 1.5360
3.2305 0.9688 1.5508
3.4324 0.9651 1.5539
3.6343 0.9530 1.5452
3.8363 0.9323 1.5244
4.0382 0.9029 1.4910
4,2401 0.8644 1.4445
4,4420 0.8169 1.3339
4.6439 0.7616 1.3092
4.8458 0.6978 1.2136
5.0477 0.6253 1.1140
5.2496 0.5441 0.9911
5.4515 0.4541 0.8492
5.6534 0.3544 0.6862
5.8553 0.2421 0.4962
6.0572 0.1181 0.2760
6.2591 -0.0171 0.0235

0.4155 16.3580)

0.1590 (6.2591)

0.0852 (3.3536)

0.0252 (0.9938)

0.000521 (0.,0205)

0.000432 (0.0170)

0.001688 22.6158g

7.10 0.1240
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Fan Blade Coordinates (under load at the aerodynamic design point)

e e T

o TreEmeEemmEmer oo

METERS
ZC YP YS
0.0 -0.0005 0.0006
0.0052 0.0021 0.0042
0.0104 0.0045 0.0077
0.0156 0.0069 0.0110
0.0209 0.0090 0.0141
0.0261 0.0110 0.0171
0.0313 0.0128 0.0199
0.0365 0.0144 0.0225
0.0417 0.0159 0.0249
0.0469 0.0172 0.0271
0.0522 0.0184 0.0290
0.0574 0.0195 0.0307
0.0626 0.0204 0.0322
0.0678 0.0212 0.0334
0.0730 0.0218 0.0344
0.0782 0.0223 0.0351
0.0834 0.0226 0.0356
0.0887 0.0227 0.0359
0.0939 0.0226 0.0359
0.0991 0.0223 0.0356
0.1043 0.0219 0.0350
0.1095 0.0212 0.0342
0.1147 0.0203 0.0330
0.1200 0.0192 0.0314
0.1252 0.0178 0.0295
0.1304 0.0162 0.0272
0.1356 0.0142 0.0243
0.1408 0.0120 0.0210
0.1460 0.0094 0.0170
0.1512 0.0065 0.0124
0.1565 0.0032 0.0069
0.1617  -0.0004 0.0006
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

l.eading edge radius, m (in.)

Trailing
X-area, m

Gamma, deg. (rad.)

100

dge radius, m (in.)
gige i

(in.

naw nn BN anan

INCHES

ZC YP YS
0.0 -0.0210 0.0235
0.2053 0.0816 0.1668
0.4107 0.1790 0.3036
0.6160 0.2698 0.4332
0.8213 0.3541 0.5559
1.0267 0.4319 0.6719
1.2320 0.5031 0.7815
1.4373 0.5677 0.8841
1.6427 0.6259 0.9792
1.8480 0.6786 1.0651
2.0533 0.7258 1.1414
2.2587 0.7675 1.2083
2.4640 0.8036 1.2661
2.6693 0.8339 1.3144
2.8747 0.8582 1.3536
3.0800 0.8764 1.3833
3.2853 0.8882 1.4035
3.4907 0.8926 1.4137
3.6960 0.8896 1.4131
3.9014 0.8792 1.4017
4,1067 0.8611 1.3792
4,3120 C.834R 1.3448
4,5174 0.7998 1.2978
4,7227 0.7556 1.2370
4,9280 0.7016 1.1613
5.1334 0.6370 1.0690
5.3387 0.5610 0.9584
5.5440 0.4727 0.8268
5.7494 0.3710 0.6712
5.9547 0.2545 0.4875
6.1600 0.1243 0.2715
6.3654 -6.0175 0.0230

0.4463 (17.5710)

0.1617 (6.3654)

0.0875 (3.4435)

0.0231 (0.9081)

0.000521 (0.0205)

0.000427 (0.0168)

0.001514 52.3464)

13.16 0.2297)
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Fan Blade Coordinai2s (under

DA R

load at the aerodynamic design point)

METERS
ZC YpP YS
0.0 -0.0005 (.0006
0.0054 0.0016 0.0036
0.0107 0.0036 0.0065
0.0151 0.0055 0.0092
0.0214 0.0073 0.0118
0.0268 0.0089 0.0143
0.0322 0.0103 0.0166
0.0375 0.0117 0.0187
0.0429 0.0128 0.0207
0.0482 0.0139 0.0226
0.0536 0.0148 0.0242
0.0590 0.0156 0.0257
0.0643 0.0163 0.0269
0.0697 0.0169 0.0279
0.0750 0.0173 0.0287
0.0804 0.0177 0.0293
0.0858 0.0179 0.0297
0.0911 0.0180 0.0299
0.0965 0.0179 0.0299
0.1018 0.0177 0.0296
0.1072 0.0173 0.0291
0.1126 0.0168 0.0284
0.1179 0.0161 0.0274
0.1233 0.0152 0.0261
0.1286 0.0141 0.0244
0.1340 0.0128 0.0225
0.1394 0.0113 0.0201
0.1447 0.0096 0.0174
0.1501 0.0075 0.0141
0.1554 0.0052 0.0103
0.1608 0.0026 0.0058
0.1662 -0.0004 0.0006
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing
X-area, m

Gamma, deg. (rad.)

in,

dge radius, m (in.)
2 (in. )

Py e s Ao et I T I

INCHES

ZC YP YS
0.0 -0,0208 0.0227
0.2110 0.0630 0.1410
0.4220 0.1427 0.2548
0.6330 0.2169 0.3626
0.8440 0.2857 0.4647
1.0551 0.3491 0.5611
1.2661 0.4069 0.6519
1.4771 0.4590 0.7370
1.6881 0.5056 0.8168
1.8991 0.5469 0.8894
2.1101 0.5833 0.9539
2.3211 0.6151 1.0102
2.5321 0.6423 1.0584
2.7431 0.6649 1.0985
2.9542 0.6827 1.1307
3.1652 0.6956 1.1547
3.3762 0.7037 1.1705
3.5872 0.7067 1.1780
3.7982 0.7043 1.1769
4,0092 0.6960 1.1668
4,2202 0.6816 1.1472
4.4312 0.6608 1.1175
4,6423 0.6333 1.0773
4.8533 0.5985 1.0257
5.0643 0.5561 0.9618
5.2753 0.5054 0.8844
5.4863 0.4458 0.7922
5.6973 0.3765 0.6833
5.9083 0.2967 0.5554
6.1193 0.2052 0.4054
6.3303 0.1009 0.2295
6.5414 -0.0177 0.0220

0.4764 18.7560)

0.1661 (6.5413)

0.0899 (3.5394)

0.0186 (0.7331)

0.000533 (0.0210)

0.000455 (0.0179)

0.001387 52.1492%

19.43 0.3391
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES

.C YP YS ZC YP YS
J.0 -0.0005 0.0006 0.0 -0.0203 0.0217
0.0055 0.0012 0.0031 0.2158 0.0484 0.1217
0.0110 0.0029 0.0055 N.4316 0.1143 0.2182
0.0164 0.0045 0.0079 0.6474 0.1765 0.3105
0.0219 0.0060 0.0101 0.8632 0.2348 0.3986
0.0274 0.0073 0.0123 1.0790 0.2892 0.4825
0.0329 0.0086 0.0143 1.2949 0.3394 0.5620
0.0384 0.0098 0.0162 1.5107 0.3853 0.6371
0.0439 0.0108 0.0180 1.7265 0.4267 0.7080
0.0493 0.0118 0.0196 1.9423 0.4635 0.7734
0.0548 0.0126 0.0211 2.1581 0.4957 0.8322
0.0603 0.0133 0.0224 2.3739 0.5232 0.8834
0.0658 0.0139 0.0235 2.5897 0.5461 0.9264
0.0713 0.0143 0.0244 2.8055 0.5643 0.9614
0.0767 0.0147 0.0251 3.0213 0.5777 0.9887
0.0822 0.0149 0.0256 3.2371 0.5864 1.0080
0.0877 0.0150 0.0259 3.4529 0.5903 1.0194
0.0932 0.0150 0.0260 3.6687 0.5894 1.0227
0.0987 0.0148 0.0259 3.8846 0.5838 1.0181
0.1041 0.0146 0.0255 4.1004 0.5733 1.0054
0.1096 0.0142 0.0250 4,3162 0.5577 0.9843
0.1151 0.0136 0.0242 4,5320 0.5371 0.9544
0.1206 0.0130 0.0233 4,7478 0.5111 0.9155
0.1261 0.0122 0.0220 4.9636 0.4795 0.8669
0.1316 0.0112 0.0205 5.1794 0.4421 0.8082
0.1370 0.0101 0.0188 5.3952 0.3985 0.7385
0.1425 0.0089 0.0167 5.6110 0.3485 0.6570
0.1480 0.0074 0.0143 5.8268 0.2914 0.5626
0.1535 0.0058 0.0115 6.0426 0.2269 0.4537
0.1590 0.0039 0.0083 6.2584 0.1544 0.3287
0.1644 0.0019 0.0047 6.4742 0.0730 0.1852
0.1699 -0.0004 0.9005 6.6901 -0.0175 0.0207
Radius, m (in.) = 0.5050 (19.8800)

Chord, m (in.) = 0.1699 (6.6901)

ZCSL, m (in.) = 0,0918 (3.6161)

YCSL, m (in.) = 0.0156 (0.6149)

Leading edge radius, m (in.) = 0.000528 (0.0208)

Trailing edge radius, m (in.) = 0.000475 (0.0187)

X-area, m? (in,?) = 0.001289 1.9981)

Gamma, deg. (rad.) = 24,78 - (0.4324)
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Fan Blade Coordinates

(under load at the aerodynamic design point)

METERS

ZC YP YS

0.0 -0.0005 0.0005
0.0056 0.0009 0.0026
0.0112 0.0022 0.0047
0.0168 0.0035 0.0066
0.0224 0.0047 0.0085
0.0280 0.0058 0.0103
0.0336 0.0068 0.0121
0.0391 0.0078 0.0137
0.0447 0.0087 0.0153
0.0503 0.0095 0.0168
0.0559 0.0103 3.0181
0.J615 0.0109 0.0194
0.0671 0.0115 0.0204
0.0727 0.0119 0.0212
0.0783 0.0122 0.0219
0.0839 0.0124 0.0223
0.0895 0.0125 0.0226
0.0951 0.0125 0.0227
0.1007 0.0124 0.0226
0.1062 0.0122 0.0223
0.1118 0.0119 0.0218
0.1174 0.0114 0.0212
0.1230 0.0108 0.0203
0.1286 0.0101 0.0191
0.1342 0.0093 0.0178
0.1398 0.0084 0.0162
0.1454 0.0073 0.0143
0.1510 0.0060 0.0122
0.1566 0.0046 0.0098
0.1622 0.0031 0.0071
0.1678 0.0014 0.0040
0.1734  -0,0004 0.0005

Radius, m (in.)
Chord, m (in.)
2CSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)
Trailing gdge radius, m (in.)

X-area, m¢ (in.?2)
Gamma, deg. (rad.)

nn hounnn nn

. em 8 e, e B
-typ o £ T SV TN U SRy Y

INCHES

ZC YP YS
0.0 -0.0205 0.0215
0.2202 0.0338 0.1040
0.4403 0.0861 0.1843
0.6605 0.1360 0.2616
0.8806 0.1831 0.3358
1.1008 0.2276 0.4070
1.3209 0.2692 0.4750
1.5411 0.3078 0.5399
1.7613 0.3434 0.6018
1.9814 0.3759 0.6598
2.2016 0.4050 0.7141
2.4217 0.4303 0.7618
2.6419 0.4514 0.8022
2.8620 0.4683 0.92357
3.0822 0.4811 Ouc 9
3.3024 0.4897 0 .°34
3.5225 0.4940 0.8906
3.7427 0.4941 0.8944
3.9628 0.4898 0.8907
4.1830 0.4810 0.8794
4.4031 0.4676 0.8602
4.6233 0.4497 0.8330
4.8435 0.4270 0.7975
5.0636 0.3994 0.7533
5.2838 0.3668 0.7001
5.5039 0.3291 0.6374
5.7241 0.2860 0.5646
5.9443 0.2374 0.4811
6.1644 0.1830 0.3859
6.3846 0.1225 0.2781
6.6047 0.0557 0.1564
6.8249 -0.0174 0.0198

0.5358 (21.0960)

0.1734 (6.8249)

0.0935 (3.6826)

0.0130 (0.5116)

0.000538 (0.0212)

0.000480 (0.0189)

0.001208 él 8725;

29.24 0.5102

103

ESE LR N




Fan Blade Coordinates (under load at the aerodynamic design point)

METERS

ZC YP YS

0.0 -0.0005 0.0005
0.0057 0.0005 0.0022
0.0115 0.0015 0.0038
0.0172 0.0024 0.0054
0.0229 0.0033 0.0069
0.0286 0.0042 0.0084
0.0344 0.06050 0.0098
0.0401 0.0058 0.0112
0.0458 0.0066 0.0125
0.0516 0.0073 0.0138
0.0573 0.0079 0.0150
0.0630 0.0085 0.0161
0.0688 0.0090 0.0170
0.0745 0.0094 0.0178
0.0802 0.0097 0.0185
0.0859 0.0099 0.0189
0.0917 0.0101 0.0192
0.0974 0.0101 0.0193
0.1031 0.0100 0.0192
0.1089 0.0098 0.0190
0.1146 0.0096 0.0185
0.1203 0.0092 0.0179
0.1260 0.0087 0.0171
0.1318 0.0081 0.0162
0.1375 0.0074 0.0150
0.1432 0.0067 0.0136
0.1490 0.0058 0.0120
0.1547 0.0047 0.0102
0.1604 0.0036 0.0081
0.1662 0.0024 0.0359
0.1719 0.0010 0.0033
0.1776  -0.0004 0.0005

Radius, m (in.)
Chord, m (in,)
ZCSL, m (in.)
YCSL, m (in.)

X-area, m¢ (in.
Gamma, deg. {rad.)

i
i 104

Leading edge radius, m (in.)
Trailing ?dge rgdius, m (in.)
(in.c)

Buw an B n o

INCHES
ZC YP YS

0.0 -0.0201 0.0207
0.2256 0.0197 0.0863
0.4511 0.0584 0.1503
0.6767 0.0956 0.2123
0.9023 0.1314 0.2723
1.1278 0.1656 0.3303
1.3534 0.1982 0.3863
1.5790 0.2291 0.4401
1.8045 0.2583 0.4918
2.0301 0.2858 0.5414
2.2557 0.3114 0.5893
2.4812 0.3347 0.6330
2.7068 0.3547 0.6711
2.9324 0.3708 0.7025
3.1579 0.3831 0.7269
3.3835 0.3917 0.7445
3.6091 0.3964 0.7553
3.8346 0.3972 0.7593
4.0602 0.3943 0.7565
4.2858 0.3873 0.7468
4,5113 0.3765 0.7300
4,7369 0.3617 0.7060
4.9625 0.3429 0.6747
5.1880 0.3200 0.6360
5.4136 0.2930 0.5896
5.6392 0.2618 0.5351
5.8647 0.2264 0.4724
6.0903 0.1867 0.4010
6.3159 0.1425 0.3205
6.5414 0.0938 0.2304
6.7670 0.0405 0.1300
6.9926 -0.0173 0.0190

0.5798 22.8280)

0.1776 (6.9926)

0.0956 (3.7654)

0.0102 (0.4010)

0.000533 (0.0219)

0.000478 (0.0188)

0.001115 51.7280;

33.94 0.5923
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES n
Zc YP YS 7C YpP Y5 g
0.0 -0.0005 0.0005 0.0 -0.0198 0.0199 i
0.0058 0.0003 0.0019 0.2301 0.0118 0.0758
0.0117 0.0011 0.0033 0.4601 0.0428 0.1307
0.0175 0.0019 0.0047 0.6901 0.0731 0.1843 |
0.0234 0.0026 0.0060 0.9202 0.1028 0.2360 i
0.0292 0.0033 0.0073 1.1502 0.1317 0.2875 i
0.0351 0.0041 0.0086 1.3803 0.1597 0.3369
0.0409 0.0047 0.0098 1.6103 0.1869 0.3849
0.0467 0.0054 0.0110 1.8404 0.2131 0.4314 i
0.0526 0.0061 0.0121 2.0704 0.2382 0.4765 ‘
0.0584 0.0067 0.0132 2.3005 0.2624 0.5201 g
0.0643 0.0073 0.0143 2.5305 0.2855 0.5618 d
0.0701 0.0078 0.0152 2.7605 0.3064 0.6003 ‘
0.0760 0.0082 0.0161 2.9906 0.3242 0.6325
0.0818 0.0086 0.0167 3.2206 0.3379 0.6579
0.0876 0.0088 0.0172 3.4507 0.3477 0.6765 4
0.0935 0.0090 0.0175 3.6807 0.3537 0.6885
0.0993 0.009%0 0.0176 3.9108 0.3560 0.6936
0.1052 0.0090 0.0176 4.1408 0.3546 0.6922
0.111¢ 0.0089 0.0174 4,3709 0.3493 0.6842
0.1169 0.0086 0.0170 4.6009 0.3401 0.6693
0.1227 0.0083 0.0164 4,8309 0.3272 0.6475 ,
0.1285 0.0079 0.0157 5.0610 0.3104 0.6189
0.1344 0.0074 0.0148 5.2910 0.2898 0.5831 '
0.1402 0.0067 0.0137 5.5211 0.2653 0.5401
0.1461 0.0060 0.0124 5.7511 0.2370 0.4898
0.1519 0.0052 0.0110 5.9812 0.2047 0.4318
0.1578 0.0043 0.0093 6.2112 0.1684 0.3660
0.1636 0.0033 0.0074 6.4413 0.1282 0.2921
0.1695 0.0021 0.0053 6.6713 0.0839 0.2098
0.1753 0.0009 0.0030 6.9014 0.0355 0.1185 .
0.1811 -0.0004 0.0005 7.1314 -0.0167 0.0183 :
Radius, m (in.) = 0.6181 (24.3360) ;
Chord, m (in.) = 0.1811 (7.1314)
2CSL, m (in.) = 0.0975 (3.8405)
YCSL, m (in.) = 0.0087 (0.3425)
Leading edge radius, m (in.) = 0.000521 (0.0205)
Trailing Sdge r5d1us m (in.) = 0.000462 (0.0182)
X-area, m = 0.001059 él 6421%
Gamma, deg. (rad ) = 37.01 0.6460
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES

ZC YP YS ZC YP YS
0.0 -0.0005 0.0005 N.0 -0.0186 0.0200
0.0059 0.0002 0.0017 0.2337 0.0067 0.0683
0.0119 0.0008 0.0029 0.4673 0.0317 0.1160
0.0173 0.0014 0.0041 0.7010 0.0565 0.1630
0.0237 0.0021 0.0053 0.9346 0.0814 0.2091
0.0297 0.0027 0.0065 1.1683 0.1061 0.2545
0.0356 0.0033 0.0076 1.4019 0.1306 0.2990
0.0415 0.0039 0.0087 1.6356 0.1548 0.3426
0.0475 0.0045 0.0098 1.8692 0.1787 0.3852
0.0534 0.0051 0.0108 2.1029 0.2020 0.4269
0.0593 0.0057 0.0119 2.3365 0.2253 0.4676
0.0653 0.0063 0.0129 2.5702 0.2482 0.5080
0.0712 0.0069 0.0139 2.8038 0.2705 0.5467
0.0772 0.0074 0.0148 3.0375 0.2910 0.5810
0.0831 0.0078 0.0155 3.2711 0.3076 0.6093
G.0890 0.0081 0.0160 3.5048 0.3202 0.6307
5.0950 0.0084 0.0164 3.7385 0.3289 0.6453
0.1009 0.0085 0.0166 3.9721 0.3335 0.6531
0.1068 0.0085 0.0166 4,2058 0.3342 0.6541
0.1128 0.0084 0.0165 4,4394 0.3310 0.6482
0.1187 0.0082 0.0161 4,6731 0.3239 0.6355
0.1246 0.0079 0.0156 4,9067 0.3128 0.6161
0.1306 0.0076 0.0150 5.1404 0.2978 0.5897
0.1365 0.0071 0.0141 5.3740 0.2788 0.5563
0.1424 0.0065 0.0131 5.6077 0.2559 0.5158
0.1484 0.0058 0.0119 5.8413 0.2290 0.4680
0.1543 0.0050 0.0105 6.0750 0.1980 0.4128
0.1602 0.0041 0.0089 6.3086 0.1631 0.3500
0.1:62 0.0032 0.0071 6.5423 0.1242 0.2792
0.1721 0.0021 0.0051 6.7759 0.0813 0.2004
0.1780 0.0009 0.0029 7.0096 0.0343 0.1131
0.1840  -0.0004 0.0004 7.2432 -0.0164 0.0174
Radius, m (in.) = (.R533 (25.7220)

Chord, m (in.) = 0.1840 (7.2432)

ZCSL, m (in.) = 0.0991 (3.9034)

YCSL, m (in.) = 0.0077 (0.3020)

Leading edge radius, m (in.) = 0.000508 (0.0200)

Trailing Sdge rsdius, m (in.) = 0.000447 (0.0176)

X-area, m¢ (in.?%) = 0.001018 21.5778;

Gamma, deg. (rad.) = 39,57 0.6907
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES ‘
ZC YP YS 2C YP YS '
0.0 -0.0005 0.0005 0.0 -0.0177 0.0199 ‘
0.0060 0.0000 0.0015 0.2372 0.0010 0.0609 !
0.0121 0.0005 0.0026 0.4744 0.0197 0.1013 !
0.0181 0.0010 0.0036 0.7117 0.0384 0.1410
0.0241 0.0014 0.0046 0.9489 0.0570 0.1798 !
0.0301 0.0019 0.0055 1.1861 0.0757 0.2179 ’ j
0.0362 0.0024 0.0065 1.4233 0.0944 0.2554 ‘
0.0422 0.0029 0.0074 1.6606 0.1131 0.2922
0.0482 0.0033 0.0083 1.8978 0.1317 0.3284
0.0542 0.0038 0.0092 2.1350 0.1508 0.3641 )
0.0603 0.0043 0.0102 2.3722 0.1705 0.3999 (
0.0663 0.0048 0.0111 2.6094 0.1908 0.4357
0.0723 0.0054 0.0120 2.8467 0.2116 0.4713 _
0.0783 0.0059 0.0128 3.0839 0.2322 0.5058
0.0844 0.0064 0.0136 3.3211 0.2501 0.5357
0.0904 0.0067 0.0142 3.5583 0.2641 0.5590
0.0964 0.0070 0.0146 3.7956 0.2745 0.5756
0.1024 0.0071 0.0149 4,0328 0.2814 0.5858 :
0.1085 0.0072 0.0150 4.2700 0.2847 0.5894
0.1145 0.0072 0.0149 4,5072 0.2844 0.5866
0.1205 0.0071 0.0147 4,7444 0.2804 0.5773
0.1265 0.0069 0.0143 4,9817 0.2729 0.5613 )
0.1326 0.006€ 0.0137 5.2189 0.2618 0.5388 ¢
0.1386 0.0063 0.0129 5.4561 0.2469 0.5096
0.1446 0.0058 0.0120 5.6933 0.2283 0.4735
0.1506 0.0052 0.0109 5.9305 0.2059 0.4306
0.1567 0.0046 0.0097 6.1678 0.1796 0.3807
0.1627 0.0038 0.0082 6.4050 0.1492 0.3234
0.1637 0.0029 0.0066 6.6422 0.1148 0.2588
0.1747 0.0019 0.0047 6.8794 0.0760 0.1865
0.1808 0.0008 0.0027 7.1167 0.0329 0.1062
0.1868 -0.0004 0.0005 7.3539 -0.0144 0.0182 ;
Radius, m (in.) = 0.6862 (27.0140) |
Chord, m (in.) = 0.1868 (7.3539) :
ZCSL, m (in.) = 0.1005 (3.9582)
YCSL, m (in.) = 0.0062 (0.2426)
Lead1ng edge radius, m (in.) =  0.000495 (0.0195)
Trailing sdqe rsd1us m (in.) = 0.,000429 (0.0169)
X-area, m = 0.000980 51 5183;
Gamma, deg. (rad ) = 42.06 0.7340

.
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS

ZC YP YS

0.0 -0.0004 0.00C5
0.0061 -0.0001 0.0014
0.0122 0.0003 0.0023
0.0133 0.0006 0.0032
0.0245 0.0009 0.0040
0.0306 0.0013 0.0048
0.0367 0.0016 0.0056
0.0428 0.0020 0.0064
0.0489 0.0023 0.0072
0.0550 0.0027 0.0079
0.0612 0.0031 0.0087
0.0673 0.0035 0.0095
0.0734 0.0040 0.0103
0.0795 0.0045 0.0112
0.0856 0.0050 0.0119
0.0917 0.0054 0.0126
0.0978 0.0057 0.0130
0.1040 0.0059 0.0133
0.1101 0.0060 0.0135
0.1162 0.0061 0.0135
0.1223 0.0060 0.0133
0.1284 0.0059 0.0130
0.1345 0.0057 0.0125
0.1407 0.0054 0.0118
0.1468 0.0050 0.0110
0.1529 0.0045 0.0100
0.1590 0.0040 0.0089
0.1651 0.0033 0.0075
0.1712 0.0025 0.0060
0.1773 0.0017 0.0044
0.1835 0.0007 0.0025
0.1896 -0.0004 0.0005

Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing edge radius, m (in.)

X-area, m¢ (in,2)
Gamma, deg. (rad.)
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INCHES

ZC YP YS
0.0 -0.0177 0.0196
0.2408 -0.0038 0.0555
0.4815 0.0101 0.0906
0.7223 0.0239 0.1247
0.9630 0.0374 0.1578
1.2038 0.0508 0.1899
1.4446 0.0642 0.2212
1.6853 0.0774 0.2517
1.9261 0.0909 0.2818
2.1669 0.1054 0.3120
2.4076 0.1211 0.3428
2.6484 0.1382 0.3741
2.8891 0.1565 0.4063
3.1299 0.1766 0.4392
3.3707 0.1954 0.4695
3.6114 0.2112 0.4944
3.8522 0.2235 0.5130
4,0929 0.2323 0.5253
4,3337 0.2376 0.5312
4,5745 0.2395 0.5308
4.8152 0.2380 0.5241
5.0560 0.2331 0.5110
5.2967 0.2247 0.4916
5.5375 0.2129 0.4659
5.7783 0.1976 0.4336
6.0190 0.1787 0.3948
6.2598 0.1562 0.3494
6.5006 0.1300 0.2972
6.7413 0.1000 0.2381
6.9821 0.0660 0.1718
7.2228 0.0280 0.0984
7.4636 -0.0138 0.0177

0.7170 28.2300)

0.1896 (7.4636)

0.1019 (4.0136)

0.0047 (0.1870)

0.000493 (0.0194)

0.000419 (0.0165)

0.00095% gl.4870g

44,34 0.7739
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS
ZC YP YS
0.0 -0.0004 0.0005
0.0062 -0.0002 0.0013
0.0124  -0.0000 0.0020
0.0186 0.0002 0.0027
0.0248 0.0004 0.0034
0.0310 0.0006 0.0041
0.0372 0.0008 0.0047
0.0434 0.0010 0.0054
0.0496 0.0012 0.0060
0.0558 0.0014 0.0066
0.0620 0.0017 0.0073
0.0682 0.0021 0.0080
0.0744 0.0024 0.0087
0.0806 0.0029 0.00%4
0.0868 0.0034 0.0102
0.0930 0.0038 0.0109
0.0992 0.004z 0.0114
0.1054 0.0044 0.0117
0.1116 0.0046 0.0119
0.1178 0.0047 0.0120
0.1240 0.0048 0.0119
0.1302 0.0047 0.0116
0.1364 0.0046 0.0112
0.1426 0.0044 0.0107
0.1488 0.0041 0.0100
0.1551 0.0037 0.0091
0.1613 0.0032 0.0081
0.1675 0.0027 0.0069
0.1737 0.0021 0.0055
0.1799 0.0013 0.0040
0.1861 0.0005 0.0023
0.1923  -0.0004 0.0004
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing edge radius, m (in.)
(in.?)
(rad.

X-area, m

Gamma, deg.

A 2

)

INCHES

ZC YP Y5
0.0 -0.0177 0.0196
0.2442 -0.0093 0.0497
0.4883 -0.0011 0.0788
0.7325 0.0071 0.1071
0.9767 0.0151 0.1345
1.2209 0.0232 0.1609
1.4650 0.0311 0.1865
1.7092 0.0387 0.2109
1.9534 0.0470 0.2353
2.1976 0.0566 0.2602
2.4417 0.0681 0.2861
2.6859 0.0814 0.3132
2.9301 0.0964 0.3415
3.1743 0.1145 0.3715
3.4184 0.1325 0.4011
3.6626 0.1497 0.4274
3.4068 0.1636 0.4478
4.1510 0.1742 0.4622
4.395] 0.1816 0.4703
4,6393 0.1859 0.4725
4.8835 0.1870 0.4686
5.1277 0.1851 0.4586
5.3718 0.1799 0.4426
5.6160 0.1715 0.4205
5.8602 0.1600 0.3923
6.1044 0.1453 0.3580
6.3485 0.1273 0.3173
6.5927 0.1060 0.2703
6.8369 0.0813 0.2170
7.0810 0.0531 0.1570
7.3252 0.0212 0.0905
7.5694 -0.0138 0.0175

0.7464 (29.3850)

0.1923 (7.5694)

0.1034 (4.0706)

0.0033 (0.1280)

0.000493 (0.0194)

0.000417 (0.0164)

0.000957 51 .4840)

46.55 0.8125)
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Fan Blade Coordinates (under load at the aerodynamic

design point)

METERS INCHES

ZC Yp YS ZC YP YS
0.0 -0.0004 0.0005 0.0 -0.0176 0.0195
0.0063 -0.0004 0.0011 0.2476 -0.0139 0.0449
0.0126  -0.0003 0.0018 0.4953 -0.0105 0.0694
0.0189 -0.0002 0.0024 0.7429 -0.0071 0.0931
0.0252 -0.0001 0.0029 0.9905 -0.0037 0.1159
0.0314 -0.0000 0.0035 1.2382 -0.0002 0.1378
0.0377 0.0001 0.0040 1.4858 0.0033 0.1588
0.0440 0.0002 0.0045 1.7334 0.0061 0.1786
0.0503 0.0003 0.0050 1.9811 0.0100 0.1984
0.0566 0.0004 0.0056 2.2287 0.0152 0.2186
0.0629 0.0006 0.0061 2.4763 0.0221 0.2399
0.0692 0.0008 0.0067 2.7240 0.0309 0.2623
0.0755 0.0011 0.0073 2.9716 0.0418 0.2858
0.0818 0.0014 0.0079 3.2193 0.0552 0.3107
0.0881 0.0018 0.0086 3.4669 0.0698 0.3367
0.0943 0.0022 0.0092 3.7145 0.085% 0.3615
0.1006 0.0025 0.0097 3.9622 0.0989 0.3816
0.1069 0.0028 0.0101 4.2098 0.1098 0.3964
0.1132 0.0030 0.0103 4,4574 0.1181 0.4055
0.1195 0.0031 0.0104 4.7051 0.1237 0.4091
0.1258 0.0032 0.0103 4,9527 0.1268 0.4072
0.1321 0.0032 0.0102 5.2003 0.1273 0.3998
0.1384 0.0032 0.0098 5.4480 0.1252 0.3859
0.1447 0.0031 0.0094 5.6956 0.1205 0.3684
0.1510 0.0029 0.0087 5.9432 0.1131 0.3444
0.1572 0.0026 0.0080 6.1909 0.1032 0.3148
0.1635 0.0023 0.0071 6.4385 0.0905 0.2795
0.1698 0.0019 0.0061 6.6862 0.0752 0.2385
0.1761 0.0015 0.0049 6.9338 0.0571 0.1919
0.1824 0.0009 0.0035 7.1814 0.0363 0.1394
0.1887 0.0003 0.0021 7.4291 0.0127 0.0812
0.1950 -0.0003 0.0004 7.6767 -0.0135 0.0172
Radius, m (in.) = 0.7745 (30.4910)

Chord, m (in.) = 0.1950 (7.6767)

ZCSL, m (in.,) = 0.1048 (4.1256)

YCSL, m (in.) = 0.0017 (0.0688)

Leading edge radius, m (in.) = 0,000490 (0.0193)

Trailing gdge radius, m (in.) = 0.000411 (0.0162)

X-area, m¢ (in.%) = 0.000968 (1.4997)

Gamma, deg. (rad.) = 48,28 (0.8426)
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! Fan Blade Coordinates (under load at the aerodynamic design point)
METERS INCHES ;
. ZC YP YS ZC YP YS J
*g 0.0 -0.0004 0.0005 0.0 -0.0176 0.0197 |
; 0.0064 -0.0004 0.0011 0.2513 -0.0160 0.0452 '
‘ 0.0128 -0.0004 0.0018 0.5027 -0.0142 0.0699
0.0192 -0.0003 0.0024 0.7540 -0.0120 0.0938
0.0255 -0.0002 0.0030 1.0053 -0.0095 0.1170
0.0319  -0.0002 0.0035 1.2566 -0.0067 0.1394 .
0.0383 -3.0001 0.0041 1.5079 -0.0036 N0.1611
0.0447  -5.0000 0.0046 1.7593 -0.0003 0.1817
0.0511 0.0001 0.0051 2.0106 0.0030 0.2014
0.0575 0.0002 0.0056 2.2619 0.0065 0.2204 ]
0.0638 0.0003 0.0061 2.5132 0.0106 0.2392 |
0.0702 0.0004 0.0065 2.7646 0.0155 0.2577
0.0766 0.0C05 0.0070 3.0159 0.0214 0.2762 ‘
0.0830 0.0007 0.0075 3.2672 0.0283 0.2947
0.0894 0.0009 0.0080 3.5185 0.0359 0.3137
0.0958 0.0011 0.0084 3.7698 0.0445 0.3318
0.1021 0.0013 0.0088 4,0212 0.0522 0.3467
0.1085 0.0015 0.0091 4,2725 0.0586 0.3575
0.1149 0.0016 0.0092 4,5238 0.0637 0.3637 '
0.1213 0.0017 0.0093 4,7751 0.0673 0.3654
. 0.1277 0.0018 €.0092 5.0265 0.0693 0.3624
B 0.1341 0.0018 0.0090 5.2778 0.0699 0.3547 ‘
i 0.1404 0.0018 0.0087 5.5291 0.0689 0.3424 '
- 0.1468 0.0017 0.0083 5.7804 0.0664 0.3253
3 0.1532 0.0016 0.0077 6.0317 0.0624 0.3034
0.1596 0.0014 0.0070 6.2831 0.0564 0.2768
0.1660 0.0012 0.0062 6.5344 0.0487 0.2454
L 0.1724 0.0010 0.0053 6.7857 0.0393 0.2091
" 0.1787 0.0007 0.0043 7.0370 0.0283 0.1682
: 0.1851 0.0004 0.0031 7.2884 0.0157 0.1224
% 0.1915 0.0000 0.0018 7.5397 0.0018 0.0718
- 0.1979  -0.0003 0.0004 7.7910 -0.0133 0.0169 :
Radius, m (in.) =  0.8016 (31.5580) i
Chord, m (in.,) = 0,1979 (7.7910) i
ZCSL, m (in.) = 0.1063 (4.1858)
YCSL, m (in.) = 0.0008 (0.0303)
Leading edge radius, m (in,) = 0.000495 (0.0195) ‘
Trailing Sdge rgdws m (in.) = 0.000409 (0.0161) ‘
X-area, m = 0.001026 (1.5904
Gamma, deg. (rad ) = 48,74 (0.8507
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS INCHES y
ZC YP YS ZC YP YS '
0.0 -0.0004 0.0005 0.0 -0.0173 0.0197 !
0.0065 -0.0003 0.0013 0.2548 -0.0118 0.0525 \ !
0.0129 -0.0002 0.0021 0.5097 -0.0061 0.0846
0.0194 0.0000 0.0029 0.7645 0.0001 0.1158 '
0.0259 0.0002 0.0037 1.0193 0.0068 0.1462
0.0324 0.0004 0.0045 1.2741 0.0138 0.1758 !
0.0388 0.0005 0.0052 1.5290 0.0211 0.2046
0.0453 0.0007 0.0059 1.7838 0.0291 0.2329
0.0518 0.0008 0.0066 2.0386 0.0364 0.2592 !
0.0583 0.0011 0.0072 2.2935 0.0422 0.2831 ,
0.0647 0.0012 0.0077 2.5483 0.0461 0.3037
0.0712 0.0012 0.0082 2.8031 0.0478 0.3213 {
0.0777 0.0012 0.0085 3.0579 0.0476 0.3357
0.0841 0.0012 0.0088 3.3128 0.0455 0.3471
0.0306 0.0010 0.0090 3.5676 0.0413 0.3555
0.0971 0.0009 0.0092 3.8224 0.0352 0.3608
0.1036 0.0007 0.0092 4,0772 0.0285 0.3630
0.1100 0.0006 0.0092 4,3321 0.0220 0.3622
0.1165 0.0004 0.0091 4,5869 0.0159 0.3581
0.1230 0.0003 0.0089 4,8417 0.0104 0.3509
0.1295 0.0001 0.0086 5.0966 0.0055 0.3404 '
0.1359 0.0000 0.0083 5.3514 0.0009 0.3268 |
0.1424 -0.0001 0.0079 5.6062 ~-0.0032 0.3099
0.1489 -0.0002 0.0074 5.8610 -0.0067 0.2898
0.1553 -0.0003 0.0068 6.1159 -0.0098 0.2665
0.1618 -0.0003 0.0061 6.3707 -0.0125 0.2401
0.1683 -0.0004 0.0053 6.6255 -0.0145 0.2105
0.1748 -0.0004 0.0045 6.8804 -0.0159 0.1777
0.1812 -0.0004 0.0036 7.1352 -0.0166 0.1419
0.1877 -0.0004 0.0026 7.3900 -0.0165 0.1031
0.1942 -0.0004 0.0016 7.6448 -0.0153 0.0613 :
0.2007 -0.0003 0.0004 7.8997 -0.0130 0.0168 !
Radius, m (in.) = 0.8284 (32.6150) i
Chord, m (in.) = 0.2007 (7.8997)
2CSL, m (in.) = 0.1084 (4.2679)
YCSL, m (in.) = 0.0004 (0.0176)
Leading edge radius, m (in.) = 0.000495 (0.0195)
Trailing gdge rsdius, m (in.) = 0.000411 (0.0162)
X-area, m¢ (in.%) = 0.001177 (1.8236
Gamma, deg. (rad.) = 48.78 (0.8513
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Fan Blade Coordinates (under load at the aerodynamic

D A L AR R |

design point)

METERS
ZC YP YS
0.0 -0.0004 0.0005
0.0065 -0,0003 0.0013
0.0131  -0.0002 0.0022
0.0196  -0.0000 0.0030
0.0261 0.0001 0.0037
0.0326 0.0003 0.0045
0.0391 0.0005 0.0052
0.0457 0.0006 0.0059
0.0522 0.0008 ¢.0066
0.0587 0.0009 0.0072
0.0652 0.0010 0.0077
0.0718 0.0010 0.0081
0.0783 0.0010 0.0084
0.0848 0.0008 0.0087
0.0913 0.0007 0.0088
0.0979 0.0004 0.0089
0.1044 0.0002 0.0089
0.1109  -0.0001 0.0088
0.1174  -0.0003 0.0086
0.1240 -0.0005 0.0083
0.1305 -0.0007 0.0080
0.1370 -0.0008 0.0077
0.1435  -0.0009 0.0072
0.1501  -0.0010 0.0067
0.1566  -0.0010 0.0062
0.1631  -0.0010 0.0055
0.1696 -0.0010 0.0048
0.1762  -0.0010 0.0041
0.1827 -0.0009 0.0033
0.1892  -0.0007 0.0024
0.1957  -0.000% 0.0014
0.2023  -0.0003 0.0004
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Lead1ng edge radius, m (in,)

Trailing S
X-area, m
Gamma, deg

dge rad1us m (in.)

(1n

(rad )

PN NI Rl 2o SN T T U e

INCHES
ZC YP YS

0.0 -0.0173 0.0198
0.2569 -0.0123 0.0528
0.5138 -0.0069 0.0852
0.7707 -0.0012 0.1166
1.0275 0.0050 0.1472
1.2844 0.0114 0.1768
1.5413 0.0181 0.2055
1.7982 0.0252 0.2335
2.0551 0.0317 0.2595
2.3120 0.0366 0.2830
2.5689 0.0393 0.3029
2.8258 0.0396 0.3192
3.0827 0.0375 0.3320
3.3395 0.0332 0.3411
3.5964 0.0263 0.3469
3.8533 0.0170 0.3492
4.1102 0.0068 0.3484
4.3671 -0.0030 0.3446
4.6240 -0.0120 0.3380
4.8809 -0.0198 0.3287
5.1377 -0.0264 0.3167
5.3946 -0.0320 0.3021
5.6515 -0.0363 0.2849
5.9084 ~0.0393 0.2651
6.1653 -0.0409 0.2428
6.4222 -0.0413 0.2180
6.6791 -0.0402 0.1907
6.9360 -0.0377 0.1608
7.1929 -0.0338 N.1285
7.4497 -0.0285 0.0937
7.7066 -0.0215 0.0564
7.9635 -0.0130 0.0168

0.84CS (33.1030)

0.2023 (7.9635)

0.1093 (4.3032)

-0.0001 (-0.0037)

0.000495 (0.0195)

0.000414 (0.0163)

0.001213 gl 8804;

49,74 0.8681
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0.0 ~0.0004 0.0005

0.0066  -0,0004 0.0012
0.0131  -0,0004 0.0019
0.0197  -0.0004 0.0026
0.0263  -0.0003 0.0032
0.0329  -0,0003 0.0039
0.0394  -0,0002 0.0045
0.0460  -0,0002 0.0051
0.0526  -0,0001 0.0056
0.0592  -0,0001 0.0061
0.0657  -0.0001 0.0065
0.0723  -0,0001 0.0069
0.0789  -0.0002 0.0072
0.0855  -0.0002 0.0075
0.0920  -0.0003 0.0077
0.0986  -0.0005 0.0079
0.1052  -0.0006 0.0080
0.1118  -0.0007 0.0080
0.1183  -0.0009 0.0079
0.1249  -0,0009 0.0078
0.1315  -0n,0010 0.0076
0.1381  -0,0011 0.0073
0.1446  -0,0011 0.0069
0.1512  -0,0011 0.0055
0.1578  -0.0011 0.0060
0.1644  -0,0011 0.0054
0.1709  -0.0010 0.0047
0.1775  -0.0009 0.0040
0.1841  -0,0008 0.0032
0.1906  -0,0007 0.0024
0.1972  -0.0005 0.0014
0.2038  -0.0003 0.0004

Radius, m (in, )

Chord, m (in, )

ZCSL, m (in.)

YCSL, m (in, )

Leading edge radius, m (in.)
Trailing Sdge rad1us m (in,)
X-area,

Gamma, deg (rad )

B owonop oy nn

design point)

INCHES
YP YS

0.0 ~0.0175 0.0198

0.2588  .0.0145 0.0481

0.5177  -n.0153 0.0756

0.7765  -0.0139 0.1021

1.0353  .0.0124 0.1277

1.2941  .0.0107 0.1524

1.5529  -0.0088 0.1761

1.8118  -0.0068 0.1988

2.0706  -0.0050 0.2202

2.3294  .0.0037 0.2398

2.5882  .0.0036 0.2571

2.8470  -0.0044 0.2721

3.1059  -0.0063 0.70848

3.3647  -0.0093 0.2953

3.6235  .0.0134 0.3036

3.8823  .0.0la4 0.3098

4.1412  .0.0239 0.3135

4.4000  -0.0292 0.3143

4.6588  .0.0336 0.3120

4.9176  .0.037a 0.3065

5.1765  -0.0404 0.2980

5.4353  .0.0425 0.2866

5.6941  .0.0438 0.2722

5.9529  .0.0441 0.2549

6.2118  .0.0436 0.2348

6.4706  -0.042] 0.2118

6.7294  .0.0397 0.1351

6.9882  -0.0364 0.1576

7.2471  .0.0322 0.1265

7.5059  -0.0269 0.0926

7.7647  -0.0206 0.0558

8.0235  -0.0133 0.0170
0.8534 (33.5970)
0.2038 (8.0235)
0.1100 (4.3304)
-0.0009 (-0. 0340)
0.000498 (0.0196)
0.000419 (0.0165)
0.001205 51.8675?
51.18 0.8932
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Fan Blade Coordinates (under load at the aerodynamic design point)

:
§ METERS INCHES :
5 7c YP YS 7C YP YS ;
¢
| 0.0 -0.0005 0.0005 0.0 -0.0177 0.0197 |
R 0.0067  -0,0005 0.0010 0.2633 -0.0207 0.0409 !
F 0.0134  -0.0006 0.0016 0.5267 -0.0237 0.0612
: 0.0201  -0.0007 0.0020 0.7900 -0.0266 0.080%
3 0.0268 -0.0008 0.0025 1.0534 -0.0296 0.0986 , |
o 0.0334  -0.0008 0.0029 1.3167 -0.0327 0.1158
% 0.0401  -0.0009 0.1033 1.5800 -0.0357 0.1318
b 0.0468 -0.0010 -.U037 1.8434 -0.0389 0.1466
- 0.0535 -0.0011 0.0041 2.1067 -0.0421 0.1605 |
2 0.0602  -0,0011 0.0044 2,3701 -0.0451 0.1734 :
. 0.0669  -0.0012 0.0047 2.6334 -0.0477 0.1856 .
?“ 0.0736  -0.0013 0.0050 2.8967 -0.0493 0.1970 ¢
{ 0.0803 -0.0013 0.0053 3.1601 -0.0519 0.2077 1
L 0.0870 -0.0014 0.0055 3.4234 -0.0534 0.2178
] 0.0936 -0.0014 0.0058 3.6868 -0.0544 0.2274
: 0.1003 -0.0014 0.0060 3.9501 ~0.0548 0.2364
0.1070  -0.0014 0.0062 4.2135 -0.0547 0.2446 !
: 0.1137 -0.0014 0.0064 4.4768 -0.0545 0.2505
- 0.1204  -0.0014 0.0064 4.7401 -0.0541 0.2533
3 0.1271  -0.0014 0.0064 5.0035 -0.0534 0.2529
0.1338  -9.0013 0.0063 5.2668 -0.0524 0.2494
0.1405 -0.0013 0.0062 5.5302 -0.0511 0.2428
0.1472  -0.0013 0.0059 5.7935 -0,0495 0.2331 ,
0.1538  -0.0012 0.0056 6.0568 -0.0475 0.2205
0.1605 -0.0011 0.0052 6.3202 -0,0451 0.2049
0.1672  -0.0011 0.0047 6.5835 -0.0422 0.1863
: 0.1739  -0.0010 0.0042 6.8469 -0.0388 0.1650
% 0.1806  ~0.0009 0.0036 7.1102 -0.0349 0.1408
: 0.1873  -0.0008 0.0029 7.3735 -0.0306 0.1138
g 0.1940  -0.0007 0.0021 7.6369 -0.0256 0.0841
5 0.2007  -0.0005 0.0013 7.9002 -0,0199 0.0515
: 0.2074  -0.0003 0.0004 8.1636 -0.0134 0.0168 ,
o |
¥ Radius, m (in.) = 0.8805 (34.6650) :
A Chord, m (in.) = 0.2074 (8.1636)
x 2CSL, m (in.) = 0.1117 (4.3988)
8 Ycst, m (in.) = -0.0021 (-0.0837)
I Leading edge radius, m (in.) = 0,000498 (0.0196)
- Trailing edge radius, m (in.) = 0.000414 (0.0163) :
X-area, m¢ (in,2) = 0.001101 51.70513
Gamma, deg. (rad.) = 53.84 0.9397
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Fan Blade Coordinates (under load at the aerodynamic design point)

METERS
ZC YP YS
0.0 -0.0005 0.0005
0.0068 -0.0006 0.0009
0.0136 -0.0008 0.0013
0.0204 -0,0010 0.0017
0.0272 -0.,0012 0.0020
0.0340 -0.0013 0.0023
0.0408 -0.0015 0.0026
0.0476  -0.0017 0.0028
0.0545 -0,0018 0.0031
0.0613 -0.0019 0.0034
0.0681 ~0.0020 0.0036
0.0749 -0.0021 0.0038
0.0817 -0.0022 0.0041
0.0885 -0.0023 0.0043
0.0953 ~0.0023 0.0045
0.1021  -0.0023 0.0048
0.1089 -0,0023 0.0050
0.1157  -0.0022 0.0051
0.1225 -0.0022 0.0053
0.1293 -0.0021 0.0053
0.1361 -0.0020 0.0053
0.1429 -0.0019 0.0052
0.1497 -0.0018 0.0050
0.1566 -0.0017 0.0048
0.1634 -0.,0016 0.0045
0.1702 -0.0015 0.0041
0.1770 -0.0013 0.0036
0.1838 -~0.0012 0.0031
0.1906 -0.0010 0.0025
0.1974  -0.0008 0.0019
0.2042 -0,0006 0.0012
0.2110 -0.0003 0.0004
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing
X-area, m
Gamma, de

116

g. (rad )

Sdge r3d1us m (in.)

[xld B VP

PR

PN B o

INCHES _
7C YP Y5

0.0 -0.0178 0.0197

0.2680  -0.0246 0.0358

0.5360  -0.0315 0.0510

0.8039  -0.0384 0.0652

1.0719  -0.0453 0.0785

1.3399  -0.0523 0.0907

1.6078  -0.0594 0.1015

1.8768  -0.0670 0.1108

2.1438  -0.0719 0.1216

2.4118  -0.0751 0.1335

2.6797  -0.0797 0.1429

2.9477  -0.0840 0.1515

3.2157  -0.0873 0.1602

3.4837  -0.0893 0.1689

3.7516  -0.0901 0.1783

4.0196  -0.0833 0.1876

4.2876  -0.0891 0.1955

4.5555  -0,0880 0.2022

4.8235  -0.0855 0.2072

5.0915  -0.0825 0.2094

5.3595  -0.0793 0.2086

5.6274  -0,0757 0.2047

5.8954  -0.0719 0.1980

6.1634  -0.0676 0.1884

6.4314  -0.0629 0.1760

6.6993  -0.0577 0.1608

6.9673  -0.0520 0.1431

7.2353  -0.0457 0.1226

7.5033  -0.0388 0.0997

7.7712  -0.0312 0.0742

8.0392  -0.0228 0.0463

8.3072  -0.0134 0.0166
= 0.9066 (35.6930)
= 0.2110 (8.3072)
= 0.1136 (4.4710)
= -0.0032 (-0.1278)
= 0.000498 (0.0196)
= 0.000411 (0.0162)
= 0.001071 51 5594;
= 56,15 0.9801
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Fan Blade Coordinates (under load at the ¢ .rodynamic

design point)

METERS
ZC Yp YS
0.0 -0.0005 0.0005
0.0069  -0.0007 0.0008
0.0139 -0,0010 0.0011
0.0208 -0.0012 0.0014
0.0277 -0.0014 0.0016
0.0346  -0.0017 0.0018
0.0416 -0.0019 0.0020
0.0485 -0,0021 0.0022
0.0554  -0.0024 0.0024
0.0624 -0.0026 0.0025
0.0693 -0.0028 0.0027
0.0762  -0.0029 0.0028
0.0831 -0.0030 0.0030
0.0901  -0.0031 0.0032
0.0970  -0.0031 0.0034
0.1039  -0.0031 0.0036
0.1109  -0.0030 0.0039
0.1178 -0.0029 0.0041
0.1247  -0.0028 0.0043
0.1316 -0.0027 0.0044
0.1386 -0.0026 0.0044
0.1455  -0,0025 0.0044
0.1524  -0.0023 0.0043
0.1594  -0.0022 0.0041
0.1663 ~0.0020 0.0038
0.1732  -0.0018 0.0035
0.1801 -0.0016 0.0031
0.1871  -0,0014 0.0027
0.1940 -0.0012 0.0022
0.2009 -0.0009 0.0017
0.2079  -0.0006 0.0011
0.2148  -0.0003 0.0004
Radius, m (in,)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing sdge r;dius, m (in.)
mé (in,¢)

X-area,

Gamma, deg. (rad.)

Lo I p s

INCHES
LC Yp YS

0.0 -0.0179 0.0197

0.2728 -0.0278 0.0317

0.5455 -0.0377 0.0430

0.8183 -0.0474 0.0535

1.0911 -0.0567 0.0632

1.3638 -0.0660 0.0720

1.6366 -0.0753 0.0798

1.9094 -0.0846 0.0868

2.1822 -0.0936 0.0930

2.4549 -0.1017 0.0989

2.7277 -0.1089 0.1049

3.0005 -0.1147 0.1113

3.2732 -0.1190 0.1182

3.5460 -0.1217 0.1258

3.8188 -0.1226 0.1341

4,0915 -0.1217 0.1430

4,3643 -0.1191 0.1532

4,6371 -0.1154 0.1623

4.9099 -0.1113 0.1691

5.1826 -0.1069 0.1730

5.4554 -0.1022 0.1741

5.7282 -0.0971 0.1723

6.0009 -0.0916 0.1678

6.2737 ~0.0857 0.1606

6.5465 -0.0792 0.1508

6.8192 -0.0721 0.1385

7.0920 -0.0643 0.1237

7.3648 -0.0558 0.1065

7.6376 -0.0466 0.0871

7.9103 -0.0365 0.0655

8.1831 -0.0255 0.0418

8.4558 -0.0134 0.0164
0.9320 36.6940)
0.2148 (8.4559)
0.1154 (4.5441)
-0.0042 -0.1669)
0.006498 (0.0195)
0.000404 (0.0159)
0.001048 51.6243%
58.27 1.0170
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Fan Blade Coordinates (under load at the aerodynamic design point)

;rf '
!

1

2 ‘u
‘!:‘ v

METERS INCHES :
. LC Yp YS 2C YP YS
r 0.0 -0.0005 0.0005 0.0 -0.0180 0.0195 |
P 0.0071  -0.0008 0.0007 0.2777 ~0.0297 0.0288
- 0.0141  -0.0010 0.0610 0.5553 -0.0413 0.0374
- 0.0212  -0.0013 0.0012 0.8330 ~0.0526 0.0453 :
P 0.0282  -0.0016 0.0013 1.1106 -0.0635 0.0526 ‘
i 0.0353  -0.0019 0.0015 1.3883  -0.0741 0.0592 |
. 0.0423  -0.0021 0.0017 1.6659 -0.0845 0.0650
ﬁ; 0.0494  -0,0024 0.0018 1.9436 ~0.0950 0.0699 !
gy 0.0554  -0,0027 0.0019 2.2212 -0.1054 0.0738 :
3 0.0635 -0.0029 0.0020 2.4989 -0.1154 0.0773 |
g 0.0705 ~0.0032 0.0020 2.7766 -0.1243 0.0807 !
y 0.0776  -0.0033 0.0022 3.0542 -0.1317 0.0847
& 0.0846  -0.0035 0.0023 3.3319 -0.1373 0.0897
X 0.0917  -0.0036 0.0024 3.6095 -0.1409 0.0956 |
0.0937  -0.0036 0.0026 3.8872 -0.1425 0.1025 |
0.1058  -0.0036 0.0028 4,1648 -0.1420 0.1103 |
0.1128  -0,0035 0.0030 4,4425 -0.1395 0.1199 |
0.1199  -0.0034 0.0033 4,7201 ~0.1356 0.1290
0.1269  -0.0033 0.0035 4.9978 -0.1310 0.1362
0.1340  -0.0032 0.0036 5.2755 -0.1259 0.1408 _
0.1410  -0.0031 0.0036 5.5531 -0.1203 0.1427 |
0.1481  -0.0029 0.0036 5.8308 -0.1143 0.1421 ‘
0.1552  -0.0027 0.0035 6.1084 -0.1076 0.1390
0.1622  -0.0026 0.0034 6.3861 -0.1004 0.1335
0.1693  -0.0024 0.0032 6.6637 -0.0926 0.1256
0.176 -0.0021 0.0029 6.9414 -0.0840 0.1156
o 0.1834  -0.0019 0.0026 7.2191 -0.0746 0.1035
. 0.1904  -0.0016 0.0023 7.4967 -0.0643 0.0894
E 0.1975  -0.0014 0.0019 7.7744 ~-0.0532 0.0735
4 0.2045 -0.0010 0.0014 8.0520 -0.0411 0.0559
- 0.2116  -0.0007 0.0009 8.3297 ~-0.0279 0.0365 )
;i 0.2186  -0.0003 0.0004 8.6073 -0.0135 0.0163 f
3 Radius, m (in,) = 0.9571 (37.6800) |
- Chord, m (1n ) = 0,2186 (8.6073)
ZCSL, m (in.) = 0.11711 (4.6107)
YCSL m (in,) = -0.0051 (-0.1989)
Lead1ng edge radius, m (in.) = 0.000495 (0.0195)
- Trailing ;dge rad1us m (in.) = 0.000404 (0.0159)
X-area, mé (in, ) = 0.001019 gl 5798;
Gamma, deg. (rad.) = 60,12 1.0493
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Fan Blade Coordinates (under load at the aerodynamic

v

M

design point)

_ METERS

ZC YP YS
0.0 -0.0005 0.0005
0.0072  -0.0008 0.0007
0.0144 -0.0011 0.0008
0.0216 -0.0014 0.0010
0.0288 -0.0017 0.0011
0.0360 ~-0.0020 0.0012
0.0432 -0.0023 0.0013
0.0504 -0.0026 0.0013
0.0576 -0.0029 0.0014
0.0648 -0.0032 0.0014
0.0720 -0.0034 0.0014
0.0792 -0.0037 0.0014
0.0864 -0.0038 0.0015
0.0936 -0.0040 0.0015
0.1008 -0.0040 0.0017
0.1080 -0.0040 0.0018
0.1152  -0.0040 0.0020
0.1224  -0.0039 0.0022
0.1286 -0.0038 0.0024
0.1368 -0.0036 0.0026
0.1440 -0.0035 0.0026
0.1512 -0.0033 0.0026
0.1584 -0.0031 0.0026
0.1656  -0.0029 0.0025
0.1728 -0.0027 0.0024
C.1800 -0.0024 0.0022
0.1872 -0.0021 0.0020
0.1944  -0.0018 0.0017
0.2016 -0.0015 0.0014
0.2088 ~0.0012 0.0011
0.2160 -0.0008 0.0008
0.2232 -0.0003 0.0004
Radius, m (in.)

Chord, m (in.)

2CSL, m (in.)

YCSL, m (in.)

Leading edge radius, m (in.)

Trailing

X-area, mé (in
Gamma, deg.

(rad )

edge rgd1us m (in.)

INCHES

ZC YP YS
0.0 -0.0181 0.0195
0.2835 -0.0303 0.0262
0.5670 -0.0424 0.0324
0.8505 -0.0543 0.0378
1.1341 ~0.0661 0.0426
1.4176 -0.0778 0.0466
1.7011 -0.0894 0.0498
1.9846 ~0.1008 0.0522
2.2681 -0.1125 0.0534
2.5516 -0.1244 0.0537
2.8351 -0.1351 0.0539
3.1186 -0.1442 0.0551
3.4021 -0.1515 0.0573
3.6856 ~0.1563 0.0608
3.9692 -0.1589 0.0657
4,2527 -0.1592 0.0718
4.5362 -0.1571 0.0802
4,8197 -0.1533 0.0885
5.1032 -0.1484 0.0957
5.3867 -0.1430 0.1007
5.6702 -0.1369 0.1034
5.9537 -0.1302 0.1039
6.2373 -0.1227 0.1024
6.5208 -0.1144 0.0989
6.8043 -0.1054 0.0936
7.0878 -0.0955 0.08¢€5
7.3713 -0.0845 0.0779
7.6548 -0.0725 0.0679
7.9383 -0.0595 0.0565
8.2218 -0.0454 0.0440
8.5053 -0.0301 0.0304
8.7888 -0.0136 0.0162

0.9819 (38.6570)

0.2232 (8.7889)

0.1190 (4.6852)

-0.0059 (-0.2312)

0.000493 (0.0194)

0.000399 (0.0157)

0.000957 51 483?;

61.74 1.0776




Fan Blade Coordinates (under load at the aerodynamic

design point)

METERS

ZC YpP YS

0.0 -0.0005 0.000G5
0.0073  -0.0008 0.0006
0.0147  -0.0011 0.0007
0.0220  -0.0014 0.0008
0.0293 -0.0018 0.0008
0.0367 -0.0021 0.0008
0.0440 -0.0024 0.0008
0.0513  -0.0023 0.0008
0.0587  -0.0031 0.0007
0.0660 -0.0034 0.0007
0.0733  -0.0038 0.0006
0.0807 -0.0041 0.0005
0.0880 -0.0043 0.0005
0.0953  -0.0045 0.000%
0.1027 -0.0046 0.0005
0.1100 ~-0.0046 0.0007
0.1174  -0.0046 0.0008
0.1247  -0.0044 0.0010
0.1320  -0.0043 0.0012
0.1394  -0.0041 0.0014
0.1467  -0.0039 0.0015
0.1540  -0.0037 0.0015
0.1614  -0.0035 0.0015
0.1687 -0.0033 0.0015
0.1760  -0.0030 0.0015
0.1834  -0.0027 0.0014
0.1907 -0.0024 0.0013
0.1980 -0.0020 0.0011
0.2054  -0.0016 0.0010
0.2127  -0.0012 0.0008
0.2200 -0.0008 0.0006
0.2274  -0.0004 0.0004

Radius, m (in.)

Chord, m (in.)

ZCSL, m (in.)

YCSL, m (in.)

Leading edge radius, m (in.)
Trailing edge radius, m (in.)
X-area, m¢ (in,2)

Gamma, deg. (rad.)

120

B -~

INCHES
ZC YP YS

0.0 -0.0182 0.0194

0.2888 -0.0307 0.0237

0.5775 -0.0435 0.0273

0.8663 ~0.0563 0.0299

1.1550 -0.0692 0.0316

1.4438 -0.0821 0.0324

1.7325 -0.0951 0.0323

2.0213 -0.1083 0.0313

2.3101 -0.1218 0.0291

2.5988 -0.1356 0.0253

2.8876 ~0.1491 0.0221

3.1763 -0.1606 0.0194

3.4651 -0.1695 0.0184

3.7539 ~0.1762 0.0190

4.0426 -0.1801 0.0215

4.3314 -0.1810 0.0258

4.6201 -0.1792 0.0327

4.9089 -0.1751 0.0404

5.1976 -0.1694 0.0478

5.4864 -0.1629 0.0535

5.7752 ~0.1555 0.0575

6.0639 -0.1473 0.0598

6.3527 -0.1383 0.0606

6.6414 -0.1283 0.0598

6.9302 -0.1175 0.0578

7.2190 -0.1057 0.0545

7.5077 -0.0929 0.0501

7.7965 -0.0791 0.0447

8.0852 -0.0644 0.0385

8.3740 -0.0486 0.0315

8.6628 -0,0318 0.0237

8.9515 -0.0140 0.0160
1.0045 (39.5490)
0.2274 (8.9515)
0.1203 (4.7367)
-0.0068 (-0.2664)
0.000493 (0.0194)
0.000399 (0.0157)
0.000875 1.3562)
63.26 1.1041)




Fan Blade Coordinates (under load at the aerodynamic

design point)

METERS
ZC YP YS
0.0 -0.0005 0.0005
0.0074  -0.0008 0.0006
0.0148 -0.0011 0.0006
0.0223  -0.0014 0.0006
0.0297 -0.0018 0.0006
0.0371  -0.0021 0.0005
0.0445 -0.0024 0.0005
0.0520  -0.0028 0.0004
0.0594  -0.0032 0.0003
0.0668 -0.0035 0.0001
0.0742  -0.0039 -0.0000
0.0817 -0.0042 -0.0002
0.0891 -0.0045 -0.0003
0.0965 -0.0047 -0.0003
0.1039  -0.0048 -0.0003
0.1114  -0.0048 -0.0002
0.1188  -0.0047 ~0.0000
0.1262  -0.0046 0.0002
0.1336 -0.0044 0.0004
0.1411  -0.0042 0.0006
0.1485 -0.0040 0.0008
0.1559  -0.0037 0.0009
0.1633  -0.0035 0.0010
0.1708 -0.0032 0.0010
0.1782  -0.0029 0.0010
0.1856  -0.0026 0.0010
0.1930 -0.0023 0.0009
0.2005 -0.0019 0.0009
0.2079 -0.0015 0.0008
0.2153  -0.0012 0.0007
0.2227  -0.0008 0.0005
0.2302 -0.0003 0.0004
Radius, m (in.)
Chord, m (in.)
ZCSL, m (in.)
YCSL, m (in.)

Leading edge radius, m (in.)

Trailing edge radius, m (in.)

(in.<)

Gamma, deg. (rad.)

X-area, m

P R TR

LU R T | N I ) B | I 1]

INCHES
ZC YP YS

0.0 -0.0184 0.0195

0.2923 -0.0304 0.0219

0.5846 -0.0429 0.0234

0.8770 ~0.0560 0.0238

1.1693 -0.0691 0.0232

1.4616 ~0.0824 0.0217

1.7539 -0.0959 0.0191

2.0463 -0.1097 0.0157

2.3386 -0.1244 0.0108

2.6309 -0.1395 0.0050

2.9232 -0.1543 -0.0015

3.2155 -0.1670 -0.0071

3.5079 -0.1769 -0.0108

3.8002 -0.1844 -0.0122

4.0925 -0.1884 -0.0113

4,3848 -0.1890 -0.0075

4.6772 -0.1866 -0.0009

4.9695 -0.1812 0.0074

5.2618 ~0.1736 0.0166

5.5541 -0.1652 0.0242

5.8464 -0.1563 0.0302

6.1388 -0.1466 0.0347

6.4311 ~0.1364 0.0378

6.7234 -0.1255 0.0395

7.0157 -0.1140 0.0399

7.3081 -0.1018 0.0392

7.6004 -0.0888 0.0374

7.8927 -0.0751 0.0346

8.1850 ~0.0609 0.0309

8.4774 ~0.0459 0.0264

8.7697 ~0.0301 0.0212

9.0620 -0.0136 0.0151
1.0226 (40.2600)
0.2302 (9.0620)
0.1211 (4.7686)
-0.0073 (-0.2870)
0.000493 (0.0194)
0.000378 (0.0149)
0.000786 51.2186g
64.48 1.1254
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. Fan Blade Coordinates (under load at the aerodynamic design point)
r ‘.‘
] METERS INCHES ;
o C YP YS ZC YP YS '
E': 0.0 ~0.0005 0.0005 0.0 ~-0.0184 0.0195 !
%f 0.0075 -0.0008 0.0005 0.2934 -0,0298 0.0211 ‘
L 0.0149  -0.0011 0.0006 0.5869 -0.0422 0.0219
o 0.0224 -0.0014 0.0005 0.8804 ~0.0551 0.0216
- 0.0298 -0.0017 0.0005 1.1738 ~-0.0680 0.0203 '
o 0.0373  -0.0021 0.0005 1.4673 -0.0812 0.0181 ‘
. 0.0447  -0.0024 0.0004 1.7607 -0.0947 0.0148
0.0522 -0.0028 0.0003 2.0542 -0.1085 0.0106
_ 0.0596  -0.0031 0.0001 2.3476 -0.1235 0.0050 (
ﬁ.' 0.0671  -~0.0035 -0.0000 2.6411 ~0.1389 -0.0016 .
8 0.0745  -0.0039 -0.0002 2.9345 ~-0.1540 ~-0.0090 {
0.0820 -0.0042 -0.0004 3.2280 ~0.1670 -0.0155 !
0.089%94  -0.0045 -0.0005 3.5214 -0.1773 -0.0199 \
0.0969  -0.0047 -0.0006 3.8149 ~-0.1849 -0.0219 ;
0.1044 -0.0048 -0.0005 4,1083 -0.1891 -0.0212 |
0.1118 -0.0048 -0.0004 4,4018 ~0.1897 ~-0.0175 !
0.1193  -0.0048 ~-0.0003 4.6952 -0.1871 -0.0109 |
0.1267 -0.0046 ~-0.0001 4,9887 -0.1814 ~-0.0023 |
0.1342  -~0.0044 0.0092 5.2822 -0.1733 0.0074 |
0.1416  -0.0042 0.0004 £.5756 -0.1646 0.0155
0.1491 -~0.0039 0.0006 5.8691 ~-0.1553 0.0221 ‘
0.1565 -0.0037 0.0007 6.1625 -0.1453 0.0272 |
" 0.1640 -0.0034 0.0008 6.4560 ~0.1349 0.0308 ‘
" 0.1714  -0.0031 0.0008 6.7494 -0.1239 0.0332
: 0.1789  -0.0029 0.0009 7.0429 -0.1123 0.0343
0.1863  -0.0025 0.0009 7.3363 -0.1001 0.0343
0.1938 -~0.0022 0.0008 7.6298 -0N.0871 0.0332
0.2013 -0.0019 0.0008 7.9232 -0.0736 0.0311
0.2087 -0.0015 0.0007 8.2167 -0,0595 0.0282
0.2162 -0.0011 0.0006 8.5101 -0.0448 0.0245
0.2236 -0.0007 0.0005 8.8036 -0.0294 0.0201 ;
0.2311 -0.0003 0.0004 9.0970 -0.0133 0.0147 i
Radius, m (in.) = 1.0295 (40.5300) i
Chord, m (in.) = 0,2311 (9.0970)
ZCSL, m (in.) = 0,1214 (4.7778)
YCSL, m (in.) = <0,0074 (-0.2923)
Lead1ng edge radius, m (in.) = 0.000493 (0.0194)
Trailing Sdge r§d1us m (in.) = 0.000368 (0.0145)
X-area, m¢ (in.¢) = 0.000751 51 1648;
Gamma, deg. (rad.) = 64.94 1.1333
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APPENDIX D
GLOSSARY OF TERMS

Symbo1l Definition
%f ( A Area
§?> A Flow area
5 al Incidence angle, degrees
a' Point mid way between leading edge and point of origin of
first captured mach line on the suction surface
A* Sonic flow area
A/C Ratio of maximum camber location from leading edge to chord
length
ADP Aerodynamic design point
A/R Aspect ratio
B Absolute air angle
b One half airfoil chord at 75 percent span
BIP Bird ingestion parameter
C Aerodynamic chord, i.e. along flow surface
C/W Clockwise
0 Diameter
D-factor Diffusion factor
DN Diameter x low-pressure rotor speed
E Excitations per revolution of rotor
Eve Angle on conical of trailing edge
FEGY Fan exit guide vane
Fi1/Fa Blade loss energy ratio
FT/S Feet per second
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APPENDIX D (Conttd,)
Definition
Hertz (cycles per second)
Inner diameter - (core engine)

Incidence angle between inlet air direction and line
tangent to blade mean camber line at Teading edge, degrees

Incidence angle between inlet air direction and line
tangent to blade suction surface at leading edge, degrees

Pounds per square foot - second
Leading Edge

Location

Mass

Meters per second

Number of blades in rotor
Low rotor speed (RPM)

Nodal diameter

Outer diameter - (fan duct)
Total pressure ratio

Local static pressure
Average static pressure
Total pressure

Dynamic pressure

Polar radius to leading edge

Cold radius
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T/C

TDC

T.E.

TMAX

T/0
T0/T04p1et

= < o

z]

WC1
YCSL

YP

YsS

Z Plane

ZC
ZCSL

aCH
By*

B1*

APPENDIX D (Cont'd.)
Definition

radius
Streamline number
Temperature
Ratio of max thickness to chord length
Top dead center
Trailing edge
Maximum airfoil thickness
Takeoff
Total temperature ratio
Rotor tangential speed
Relative inlet air velocity at 75 percent span
Engine airflow
Total pressure loss coefficient, mass average defect in
relative total gressu. 2 divided by difference between inlet
stagnation and static pressures
Airflow corrected to station 1
Vertical distance to airfoil stacking 1ine from chord line
Airfoil coordinate of pressure surface normal to chord line
Airfoil coordinate of suction surface normal to chord line

Reference plane on airfoil root at center of dovetail
contact point

Airfoil coordinate paraliel to chord line

Hurizontal distance to airfoil stacking line from leading
edge along chord line

Alpha chord - airfoil stagger angle measured relative to
the tangential direction.

Blade trailing edge metal angle, degrees

Blade leading edge metal angle, degrees
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APPENDIX D (Cont'd.)
Definition

Blade chord angle, angle between chord and axial direction
Pressure (psia)
14,7

APressure coefficient, (Cp pay = Cp pip)

Pressure correction factor,

Pressure differential (Prj, - Prout)

Angle between tangent to streamline projected on meridional
plane and axial direction

Z, cone angle = tan -1 (rg - rig)

(Zrg - Zg)
Adiabatic efficiency
Adiabatic efficiency
Polytropic efficiency
T_amb (OF)

Temperature correction factor,
519

Camber angle, difference between blade angles at leading

and trailing edges on the unwrapped conical surface

Difference between blade angle at LE and transition point;
front camber

Ratio of channel width between airfoils to gap between
airfoils angle on conical of trailing edge

Air density

Solidity

Flutter frequency in radius per second

Angular velocity
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APPENDIX D (Cont'd.)
Definition

Superscripts

Relative to rotor

Designates blade metal angle

Degrees of arc or temperature
Subscripts

Station into rotor along leading edge

Station out of rotor along trailing edge

Meridional direction (r-z plane )

Front

Tangential
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